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Live feed research for larviculture of marine finfish and shellfish
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Introduction
The major expansion of marine finfish and
crustacean aquaculture since 1980s around the world
can be attributed to the development of standard
techniques for mass production of live feed. Even
though most farmed marine animals are either
carnivorous or omnivorous from their post-larval
stage, microalgae are required for larval nutrition
during a brief period either for direct consumption or
indirectly as food for live prey fed to small larvae.
The hatchery production of penaeid shrimp post-
larvae depends on the use of live diatoms for the early
stages and Artemia for later stages. Globally the
hatchery production of juveniles of marine finfish is
achieved by the use of rotifers and Artemia.
Microalgae are also routinely used in the ‘green water
technique’ employed for marine finfish larviculture.
Most marine finfishes have altricial larvae and when
yolk sac is exhausted, they remain in an undeveloped
state. The digestive system is rudimentary, lacking a
stomach and much of the protein digestion takes
place in the hindgut epithelial cells. Altricial larvae
cannot digest formulated feed and hence live feed is
vital for their survival. Live feed organisms are able
to swim in the water column and are thus constantly
available to the larvae. The movement of live feed in
water stimulates larval feeding responses. Live feed
organisms with a thin exoskeleton and high water
content may be more palatable to the larvae when
compared to the hard formulated diets.
The development of culture methods for
copepods as live feed, studies on green water
techniques with different microalgae in larviculture,
nutritional enrichment of rotifers for use as live feed
in larviculture, isolation of new strains of microalgae,
experiments on microalgal mass cultures, use of
macro live feed in lobster larviculture, use of copepods
in finfish larviculture and fatty acid profiling of enriched
rotifers were the major aspects of research carried
out by CMFRI  under the X plan project on live feed.
Copepods as live feed
It is well understood that small-sized live feed
with sufficient DHA, EPA and ARA is the key factor
for the success of larval rearing of marine fishes with
altricial larvae including groupers and many
ornamental fishes. Improved growth, survival and
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normal pigmentation have been documented for
several marine finfishes reared with copepods. One
of the major advantages of copepods is the wide
range of body sizes both within and between species.
The larvae that hatch from copepod eggs, are nauplii
(NI) which develop through 5 or 6 moults before
passing into the copepodite stages. The early stage
nauplii and copepodites are extremely useful as initial
prey for species with larvae having small mouth gape.
Two species of copepods viz., the harpacticoid
Euterpina acutifrons and the calanoid
Pseudodiaptomus serricaudatus were selected based
on their small size for the study. The size details were
as follows:
Pseudodiaptomus serricaudatus
Adults : 643 – 728 µm
NI : 50 - 65 µm
Last stage nauplius : 185 - 190 µm
Copepodites : 200 -514 µm
Euterpina acutifrons
Adults : 485 - 571 µm
NI : 41 - 52 µm
Copepodites : 285 - 571 µm
Culture of the calanoid copepod
Pseudodiaptomus serricaudatus
Experiments on culture of P. serricaudatus were
conducted in two-tonne capacity tanks. Initially green
water was developed in the tank by adding sufficient
quantity of Nannochloropsis culture cell counts
ranging from 3 x 105 cells / ml to 5 x 105 cells / ml.
Adult copepods were introduced into the green water.
Green water was replenished daily so as to maintain
the cell count throughout the period of experiment.
Daily counts were taken on the number of non-egg
bearing copepods, egg bearing copepods, nauplii and
copepodites (Fig. 1-4).
Fig. 2. Daily counts of egg bearing copepods
Fig. 3. Daily counts of nauplii
Fig. 4. Daily counts of copepodites
Mixed culture of P. serricaudatus and E. acutifrons
Since larviculture by employing mixed culture of
copepods was found to be more successful as
experiments were conducted on mixed culture of theFig. 1. Daily counts of non-egg bearing copepods
No. of days
3two species selected viz., P. serricaudatus and
E. acutifrons. The methodology was same as that
employed for the culture of P. serricaudatus. Daily
counts of different stages recorded during the
experiment are given in Fig. 5-8.
Larviculture experiments using copepods as live
feed
It was found that co-culturing of copepods in
green water in the larviculture tank is the most
effective method of larval rearing of marine finfishes.
Initially green water was developed in larval rearing
tanks (5 tonne capacity FRP tanks) by adding
sufficient quantity of Nannochloropsis culture so as
to get a cell count ranging from 3 x 105 cells / ml to
5 x 105 cells/ml. Adults of E. acutifrons and
P. serricaudatus were introduced into the tanks.
When the copepods have started their growth phase
as can be noted by counting the number of egg-
bearing copepods, nauplii and copepodites per 50
ml, newly hatched larvae were introduced into these
tanks.
Experiments on the larviculture of five species
of ornamental fishes viz., Dascyllus trimaculatus,
D. aruanus, Pomacentrus caeruleus,
Neopomacentrus nemurus and Chromis viridis were
conducted by this method. The number of adult
copepods, egg bearing copepods, nauplii and
copepodites per 50 ml of the larviculture tanks during
the initial phase of successful larval rearing
experiments for the above five species were recorded.
In Dascyllus aruanus, the number of non-egg
bearing copepods, egg bearing copepods, nauplii and
copepodites per 50 ml in the first phase of larviculture
ranged from 7–152, 1-109, 3-273 and 12–173
respectively. In D. trimaculatus, the number of non-
egg bearing copepods, egg bearing copepods, nauplii
and copepodites per 50 ml in first phase of larviculture
ranged from 22-109, 7-97, 35-203 and 37-163
respectively. In Pomacentrus caeruleus, the number
of non-egg bearing copepods, egg bearing copepods,
nauplii and copepodites per 50 ml in first phase of
larviculture ranged from 21-263, 7-41, 23-132 and
17-73 respectively. In Neopomacentrus nemurus, the
number of non-egg bearing copepods, egg bearing
copepods, nauplii and copepodites per 50 ml in first
phase of larviculture ranged from 11 – 230, 3-41,
24 – 171 and 2-262 respectively. In Chromis viridis,
Fig. 5. Daily counts of non-egg bearing copepods
Fig. 6. Daily counts of egg bearing copepods
Fig. 7. Daily counts of nauplii
Fig. 8. Daily counts of copepodites
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the number of non-egg bearing copepods, egg
bearing copepods, nauplii and copepodites per
50 ml in the first phase of larviculture ranged from
5 – 61, 1-62, 21-116 and 6 - 41 respectively.
with the nauplii of P. serricaudatus and E. acutifrons
during the first fifteen days of larval culture. The
nauplius concentration maintained in the larval rearing
tanks ranged from 4 – 13/ 50 ml and the copepodite
concentration ranged from 2 to 11/50 ml during the
first fifteen days.
In all the larviculture experiments, it was found
that the survival of larvae during the first fifteen days
was directly proportional to the density of nauplius /
copepodite stages in the rearing tanks.
Introduction of rotifers along with copepods in
the larviculture tanks
One experiment each on the larviculture of
D. trimaculatus and D. aruanus was conducted by
supplementing rotifers along with copepods from the
end of first week of larviculture.  It was noted that
within 2-3 days, the rotifers bloomed in the rearing
tanks resulting in the depletion of copepods.  In both
the experiments, complete mortality of larvae was
noted.
Nutritional enrichment of live feed
Enriched rotifer for larviculture of the clownfish
Amphiprion ocellaris
(i) Rotifer (100-150 nos./ml) enriched with Chlorella
salina (60-70 x 106) showed 45% of larval survival
from 0 to 15 day of post-hatch.
(ii) Rotifer (100-150 nos./ml) enriched with
Nanochloropsis occulata (60-70 x 106)
showed 68% of larval survival from 0 to 15 days
post-hatch.
(iii) Feeding the larvae of clown fish with rotifer
(100-150 nos./ml) enriched with C. salina
Fig. 9. Adult - Euterpina acutifrons
Fig. 11. Nauplius of P. serricaudatus
Fig. 10. P. serricaudatus in their mass culture
Fig. 12. Rotifer enriched with cod liver oil
Larviculture of honey comb grouper, Epinephelus
merra
Successful larviculture of honey-comb grouper
was achieved by the green water technique and
pseudo green water techniques and by first feeding
5(60-70 x 106) and N. oculata (60-70 x 106) in 1:1
proportion  showed  80 to 85% larval survival
from 0 to 15 days post-hatch.
(iv) Larvae fed with Rotifer (100-150 nos./ml)
enriched with cod liver oil alone did not support
larval survival. However larvae fed  with oil
enriched rotifer along with  green algae N. oculata
(60-70 x 106)  and C. salina (60-70 x 106) showed
35 to 40 % larval survival.
Influence of different greenwater systems on
larval rearing of the clownfish A. percula
Experiments on influence of different green
water systems on larval rearing of A. percula using
Chlorella sp., Nanochloropsis sp. and their
combination in 1:1 proportion showed that
(i) use of Chlorella salina (60 x 106) as green water
immediately after hatching to 3rd day of post-
hatch gave 50 to 60% larval survival.
(ii) use of Nanochloropsis (60 x 106) as green water
immediately after hatching to 3rd day of post-
hatch gave 60 to 70% larval survival.
(iii) use of Nanochloropsis (60 x 106)  and Chlorella
salina (60 x 106) in 1:1 proportion as green
water immediately after hatching to 3rd day of
post-hatch gave 80 to 90% larval survival.
Influence of green water on  larval rearing of blue
damsel
Effect of microalgae on the feeding of blue
damsel larvae was studied. The feeding intensity was
calculated by observing number of rotifers in the gut
of larvae reared in various algae. It was observed
that larvae reared in Nanochloropsis showed slight
increase in the feeding intensity when compared to
other treatments.
Rotifer enrichment for crab larviculture
Rotifers were enriched with ‘algamac’
(commercial product) @ 300 mg/million of rotifers
for 6-12 h. These enriched rotifers were fed to
crab larvae. No noticeable improvement in the
zoeal development of marine crab (Portunus
sanguinolentus) was noted as compared to the non-
enriched rotifers.
Artemia enrichment for lobster larviculture
Artemia cysts (OSI-Brand) were hatched out and
subjected to enrichment over a period of 12 – 24 h
using different emulsions –
a) Raw sardine oil suspension extracted from boiled
and pressed sardine meat was used as
enrichment medium @ 1 ml / 100 ml, 2 ml / 100
ml and 3 ml / 100 ml.
b) A combination of fish meal powder and fine rice
bran (1 : 9) was fermented over a period of
24 – 48 h. The liquid, filtered through 20 µ mesh
cloth was used.
c) OTC (20 ppm) – treated and fed for ciliate
infection
d) Spirulina mixed in water
e) A combination of spirulina and cod liver oil.
f) Cod liver oil suspension @ 1 ml in 100 ml
seawater.
g) Clam meat suspension in Nanochloropsis
medium.
Feeding experiments showed that raw sardine
oil suspension produced good results when fed to
P. rugosus phyllosoma, while feed reception was poor
with cod liver oil. A combination of spirulina and cod
liver oil proved to be good for spiny lobster.
P. homarus phyllosoma (stages I and II) also
showed good feed reception when fed with clam meat
suspension in Nanochloropsis medium, but there was
an increase in the incidence of ciliate infections. Feed
reception of scyllarid and spiny lobster larvae to OTC
enriched Artemia was poor.
Fatty acid profile of rotifer enriched with
Chlorella sp.
Samples of rotifers grown on Chlorella was
harvested and profiled for fatty acids. As reported by
earlier workers the polyunsaturated fatty acid (PUFA)
content of rotifers grown exclusively on phytoplankton
is low.
Microalgae
Isolation of new strains
Few new strains of microalgae were isolated and
maintained in the stock culture room at Cochin. They
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included Chlorococcus, marine Spirulina, Chaetoceros,
Nannochloropsis, Synecococcus and Anabaena from
Andaman Nicobar Island, Nannochloropsis from
Cochin, Chaetoceros from Cochin, one species
belonging to Chrysophyte group and Chlorococcus
isolated from the backwaters of Cochin and maintained
in marine enriched medium in pure form.
Experiments on mass culture of microalgae and
their use in larviculture
Two sets of experiments were conducted each to
increase the cell concentrations in the mass culture
systems and also to increase the culture duration.
Instead of giving the nutrients in a single dose, partial
supply of nutrients were tried and found that the culture
period can be extended by this method but the cell
concentrations were found reduced.
Apart from these, different types of modified
harvest methods were studied to lengthen the growth
phase, especially the steady phase of the cultures
with maximum cell concentrations. Partial harvest
followed by transfer of the entire culture to freshly
prepared tanks was found the best among the
different systems studied.
Macro live feed
Ctenophore culture and enrichment for lobster
larviculture
Ctenophores collected from the wild were
maintained and reared in glass aquaria. The
ctenophores were weaned to a diet of chopped clam/
shrimp/fish meat, which was found to be accepted
readily. Consumption rates and food conversion were
found to be good with clam meat. Assimilation of fatty
tissue into radial canals was found to take place very
fast. The enriched ctenophores were chopped before
feeding the lobster larvae. Initial trials were done in
Petrarchus rugosus larvae, which however, did not
show good reception. The same when fed to PIII
larvae of Thenus orientalis, were found to be accepted
readily.
Under high saline conditions ctenophores can
grow and multiply very fast when grown in large
cement tanks with no direct sunlight, good
zooplankton density and water column height (>2 m).
However, the foraging plankters have to be introduced
in large quantities. The results obtained in cement
tanks of 4 x 2 x 12 m dimensions were encouraging.
Scyllarid phyllosoma in advanced stages of
development, when released into these tanks, were
found to cling on to the medusae and swim around,
thus confirming theories regarding the dispersal and
feeding strategies employed by the phyllosoma.
Fig. 13. Comb jelly reared in large cement tanks
Conclusion
It is quite obvious that live feed is indispensable
in marine larviculture and hence live feed research is
an integral part of finfish and shellfish seed production.
Research should be intensified on technologies for
high density and stable production of suitable live feed.
The identification of causes for sudden crashes in
culture and remedial measures for the same requires
priority attention. Genetic manipulations for the
production of super small strains of rotifers and the
commercial production of rotifer cysts are also major
areas for intensified research. The production of high
density microalgae in photobioreactors and by
fermentation techniques is a potential area for future
development. The copepod culture techniques, which
is the key to the success of rearing of altricial larvae
of marine finfish still remains to be standardized.
Hence this should receive more focused research
than the better studied traditional live feeds. Advances
in live feed research can pave the way for the
commercialization of seed production technologies
for many species of marine finfish and shellfish in
future years.
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MOLLY VARGHESE, C. KASINATHAN AND A. GANDHI
Mandapam Regional Centre of CMFRI, Mandapam Camp
Trap fishing is one of the indigenous methods offishing prevalent in the Gulf of Mannar and Palk
Bay. Fish traps, locally known as 'koodu' are
extensively used in this area for perch fishery. As
these areas are shallow, with rocks and corals, other
methods of fishing using nets cannot be operated
successfully, which probably explains the
development of trap fishing in this part of the country
as an organised fishery. Prabhu (1954) and Thomas
(1968) have given fairly good accounts on the
fabrication and mode of operation of the traps while
studying the fishery of the Gulf of Mannar and Palk
Bay. After that, there is no information available on
trap fishing in this area. After 1968, several
modifications have taken place in the types of traps
being operated, the mode of operation of traps and
the number of traps being operated at different
centres. New material for the construction of traps is
also introduced recently. Hence, an attempt is made
here to present the recent developments in this
aspect, in this area.
Traps with one, two or three openings are being
operated (Fig.1, 2 and 3)
On enquiry, the trap fishermen informed that
fishes caught in traps with one opening are bigger
than those caught in traps with two and three
openings, as the mouth opening is bigger in this type
and hence, the traps with one opening is preferred
over others. Moreover, the cost of construction is less
for the traps with one opening. Three types of single
opening traps are available, which are classified
based on the height. 5, 6 and 7 'kanni' traps means,
Fig. 1 : Trap with one opening
Fig.2.Trap with two openings
Fig.3. Trap with three openings
traps with heights of 5, 6 and 7 meshes respectively.
The mesh size of 5 'kanni' trap is normally 4 cm and
are being commonly used.
The materials used for fabricating traps are Odai
tree's sticks, Eeecha tree's sticks, Palmyrah roots,
Trap fishing in the Gulf of Mannar and Palk Bay
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Observations on the feeding regime of the sea hare aplysia,
Donabella rumphi (Cuvier) and its captive spawning and
larval rearing trials
V. VENKATESAN
Mandapam Regional Centre of CMFRI, Mandapam Camp
Aplysia occurs in a variety of color patterns thatcorrelate with the seaweed upon which it is
feeding and living. Aplysia which is a gastropod
mollusc is one of the important candidates for marine
aquarium. It also has large ganglion nerve cells. This
neuron is very similar to those present in vertebrates,
making them good subjects for neurological research,
electrophysiological studies as well as studies on
conditioned responses. At present, we fully depend
on exploitation from the wild. In the present contet,
spawning of the aplysia Donabella rumphi kept in
captivity at Mandapam is reported.
On 22-07-05, broodstock of 14 live, D. rumphi
were collected from the seagrass beds of Hare Island
and stocked in four rectangular tanks (75 L capacity
each) with recirculating water system at the ratio of
1:2, 1:3, 1:4 and 1:5. The size of the animal ranged
from 256 to 462 g. Initially the animals were fed with
seaweed Ulva reticulata at the rate 5 g/animal/day.
Handling the animals is done gently or minimized as
it sprinkles the dark purple dye which causes itching
to skin. Normal seawater salinity and temperature
were maintained and aeration was provided for 24 h.
The tank had a water depth of 35 cm. The details of
the feeding trial with different types of seaweeds and
their percentage consumption range on wet weight
basis are given in Table 1.
After 2 days of rearing, the first spawning
occurred on 25-07-05 at 5.45 p.m close to the bottom
of Tank 4. The animal stopped feeding a day prior to
spawning. Before spawning, the animal slowed down
its movement and rose to move its head in a
characteristic way repeatedly. Initially side to side
movement of head was started for few minutes and
then stopped. After few seconds, up and down along
with side to side movement of head with body began
Palmyrah leaves and another synthetic material,
Polypropylene, locally known as 'wire', which is usually
used as packing strap for cartons. The 'wire' is a
recent introduction as a material for the construction
of traps here, which normally last for 5 years. The
traps made of Odai tree (Acacia planifrons) usually
last for 1 year and those of Eeecha tree last for about
2 months. After assessing the cost of construction
and efficiency of fishing in terms of size and quantity,
the fishermen in this area prefer to use the traps made
of Odai tree.
The traps are usually operated in rocky and coral
reef areas. Shrimp heads are commonly used as bait.
The fishermen informed that when jelly fish is used
as bait, the catch of Siganus spp. seems to be more
as the smell of jelly fish attracts the Siganus spp. After
introducing baits, the traps are taken to the fishing
place and laid at the bottom with the help of stone by
the fishermen who dive into the water. Similarly, diving
is resorted to when the catches are removed after
24 hours. After removing the catch, fresh bait is
introduced and the traps are set again under water.
This is continued, and at an interval of 10 to 12 days
the traps are taken to the shore, cleaned and sun-
dried for a day or two to make them more durable,
and again used.
At present, the trap fishing is carried out at
Rameswaram, Keelakarai, Ervadi and Mandapam,
of which has the maximum number of traps. At
Rameswaram, about 150 persons are engaged in trap
fishing and each person has 10 - 15 traps. This is the
major livelihood of the fishermen in this area.
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Fig. 2. Egg mass of Donabella rumphi
and the egg string in olive yellowish green colour,
started appearing from the posterior portion of
animal’s foot which remained attached to the bottom
of the tank. The string was approximately 0.5 mm
diameter (Fig. 1). After an hour, a large egg string
twined like a ball of yarn was found attached to the
bottom of tank. Since this species is oviparous, they
Table 1. Feeding trial with seaweeds and their % consumption range for the whole experimental period. Average %
composition is given in parenthesis.
Type of Ulva Hypnea Gracilaria Gracilaria Gracilaria
seaweed reticulata musciformis corticata cylcornea edulis
var. corticata
Period 24/07/05 - 04/08/05 - 14/08/05 - 24/09/05- 04/10/05 -
03/08/05 13/08/05 23/08/05 03/10/05 13/10/05
Tank 1 36.41-93.76 55.28-94.48 10.29-37.49 15.23 - 38.4 33.41-78.63
(49.76) (74.25) (20.46) (30.53) (52.43)
Tank 2 7.64-64.71 67.16-92.6 6.64-22.48 9.8-23.22 28.43-68.89
(38.62) (85.27) (18.79) (19.37) (66.22)
Tank 3 5.45-64.9 61.7-95.42 8.73-35.41 14.31-39.43 34.1-85.5
(29.86) (78.62) (28.27) (29.87) (65.37)
Tank 4 9.4-53.79 56.7-87.43 11.2-33.3 7.82-27.59 34.82-66.19
(31.58) (68.42) (21.47) (18.42) (47.75)
Fig. 3. Egg of Donabella rumphi
generally deposit the eggs in gelatinous masses
(Fig. 2). Fecundity was estimated by counting number
of eggs in a small piece of string multiplied by total
weight of egg mass (Fig. 3).
The estimated fecundity of D. rumphi was
125,000 eggs. Immediately after spawning, the
animals were shifted to another rectangular tank. In
the tank containing egg mass, mild aeration was given
and tank was partially covered with black sheet to
cut off excess light. The egg string composed of a
gelatinous layer surrounded with large number of
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Fig. 6. Veliger of Donabella rumphi
Fig. 4. Eggs in the egg string of sea hare
Fig. 5. Embryos inside the egg string ready to hatch
small densely packed compartments each containing
5-15 eggs (Fig. 4). During the period of incubation,
the colour of the egg string changed from olive
yellowish green to pale brownish green. The larvae
hatched out at night after 7d of incubation (Fig. 5).
Shell length of the newly hatched larvae was
174 ± 2 µm. Nearly 79% eggs were hatched.
an average 10-11% mortality was observed every day
till day 6. A survival of 17.5% (i.e., 21,000 nos.) was
observed at the end of day 6 and mass mortality
occurred on the subsequent days due to the attack
by ciliates.
The second spawning was noticed on the 4th day
of rearing in tanks. The time of spawning was more
or less similar as in the first spawning. The egg mass
was kept in the same tank for hatching. Hatching took
place on the eighth day and the larvae survived for 6
days. Continuous mortality of larvae stocked was
observed throughout the rearing period. Totally 17000
1arvae (i.e., 14% of initial stock) survived at the end
of 6th day and within last two days, mass mortality
occurred.
The third spawning was observed on 7th day of
rearing in tank 2. Meanwhile, one of the animal died
in tank 1. The time of spawning and duration of larval
rearing was same as above and a final larval survival
of 10% was noticed. Further spawning was not
observed.
From the foregoing observation, it has been
revealed that Hypnea musciformis is the most suitable
diet for the aplysia D. rumphi substituted by Gracilaria
edulis. It is also proved that the spawning is faster in
the tank having more stocking density.
The author is thankful to Dr. K. S. Mohamed,
Head, Molluscan Fisheries Division, for critically
going through the manuscript and suggesting
improvements.
Immediately after hatching, the veliger larvae
were found to move up and down very actively in the
water and take rest at the bottom for some time by
pulling their head with appendages inside. The larvae
were light brown in colour with well developed twined
shells, operculum, foot, velum and large head with
two purplish blue pigment spots (Fig. 6). Larvae were
fed with unicellular algae Isochrysis galbana at the
rate of 10 5 cells / ml. Larvae survived for 8 days when
they grew to a maximum shell length of 250 µm. On
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Seagrass, Ruppia maritima growing along backwaters of Karnataka
coast- a possible source of salt tolerant gene
P. KALADHARAN AND P. U. ZACHARAIAH
Visakhapatnam RC of CMFRI and Tuticorin RC of CMFRI
During the survey carried out for inventorying themarine and estuarine biodiversity of coastal
Karnataka for the Karnataka Biodiversity Board in
December 2005, considerable populations of thin
bladed grass species were collected from
Kundapur (13.64306 ºN & 74.6586 ºE) and
Mavinahole  (13.9833 ºN & 74.5616 ºE) estuaries
as well as from the intertidal areas of Devgad Island
(14.8225 ºN & 74.0644 ºE) and these were later
identified as Ruppia maritima L popularly known
as beaked tassel-weed.
These halophytic aquatic weeds are bushy fan
like submerged plants with slender grass like leaves
less than one mm wide. The stipular sheaths at the
base covered and clasped the stem. The stems were
branched, 25-30 cm long and less than one millimeter
wide.  Roots were seen arising from the nodes and
were with slender horizontal rhizomes.  Flowers and
fruits were absent at the time of collection. The plants
were submerged in salt water of 18-28 ppt, spreading
compactly in the sandy substratum. Seaweeds such
as Hypnea musciformis, Gracilariopsis sp. and Ulva
reticulata were also found along with this grass.
Ruppia maritima belongs to Class: Alismatidae;
Order: Najadales and Family: Ruppiaceae.
This grass is an excellent sand binder and can
prevent coastal erosion. The seeds and other parts
too are eaten by waterfowls. Besides Karnataka, this
grass is reported only from Tamilnadu coast. There
is immense scope for gene transfer studies using this
salt tolerant seagrass growing very rarely in certain
estuaries of Karnataka. The salt tolerant genes from
this seagrass could be transferred to paddy and tiger
prawns to raise salt tolerant varieties.
Seagrass, Ruppia maritima growing along backwaters of Karnataka coast- a possible source of salt tolerant gene
Note on hand jigging fishery for squids and cuttlefishes at Devipattinam
in the Palk Bay and at Keelakarai in the Gulf of Mannar, south-east coast
of India
V. VENKATESAN AND A. SHANMUGAVEL
Mandapam Regional Centre of CMFRI, Mandapam Camp
Hand jigging for squids and cuttlefishes operatedfrom thermocole float both at Devipattinam and
Keelakarai has mainly three parts: Japanese made
jig (bait like object with 1-2 tiers of hooks), weight
attached to it, and 7 to 14 m long line tied to latter.
The design and structure of the Japanese made jig
have been described earlier (Mar. Fish. infor. Serv.,
T&E Ser.,137, 1995). The details about the fabrication
and operation of thermocole float are already available
(Mar. Fish. infor. Serv.,T&E Ser.,191, 2007).
The hand jigging, mostly operated during day
time and sometimes during full moon night, is the
gear by which the major part of squid and cuttlefishes
are caught along the Devipattinam and Keelakarai
coast. About 100 motorized canoes using 6-10
thermocole floats go out for fishing with this gear at
Devipattinam while about 60 canoes carrying 6-9
thermocoles are operated at Keelakarai.
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On the mass mortality of triggerfish Odonus niger (Rupell) along
Dhanuskodi coast
BINDU SULOCHANAN, V. VENKATESAN, N. RAMAMURTHY AND A. GANDHI
Mandapam Regional Centre of CMFRI, Mandapam Camp
On 3rd and 4th October 2007, several fishes ofthe species Odonus niger (locally known as
Karuppu Klaathi ) were washed ashore along the
coast for a stretch of nearly 4 km from Dhanuskodi
check post to Arichumunai. On an average, 60 fishes
were found lying in every 15 m of the stretch.
Estimated total number of dead fishes were 16,000.
Some fishes were washed ashore by the waves in
half dead condition (Fig. 1). On close examination of
the live specimen, it was noticed that the skin and
gills are covered with parasites. Crustacean parasite
was identified as copepod of the genus Caligus
(Fig. 2). Analysis of water sample from the area
Fig. 1. Live fish among the dead covered with parasitic
copepod Caligus Fig. 2. Parasitic copepod belonging to the genus Caligus
The cuttlefish catch comprised of mainly two
species viz., Sepia aculeata and S. pharaonis, while
squid catch was entirely of Sepioteuthis lessoniana.
The estimated total cephalopod production in 2006
amounted to 584 t at Devipattinam. The CPUE during
the period of observation ranged from 8 to 19.5 kg
with an average of 16 kg. Squids accounted for 54%
while cuttlefishes formed 46%. Peak catch was
obtained during March and June. The size of male
S. aculeata, S. pharaonis and S. lessoniana were
found to range from 50-140 mm, 60 - 220 mm and
40 - 290 mm (DML) while the sizes of females were
50-150 mm, 60-259 mm and 92-240 mm (DML)
respectively. Among the cuttlefishes, S. pharaonis
was found to be dominant (77.3%).
An estimated 229.9 t cephalopods was landed
in 2006 at Kilakarai with an average estimated CPUE
of 10.5 kg. Peak catch was landed during June -July.
Cuttlefishes constituted 29.2% while squids formed
70.8% of the catch. Among the cephalopods,
S. lessoniana was found to be the dominant species
(70.79 %), followed by S. pharaonis (17.71%). Among
the cuttlefishes, S. pharaonis was found to be
dominant (60.63%).
Hand jigging fishery of squids and cuttlefishes
forms subsistence fishery at both the landing centres.
Further observation has to be made in order to know
the trend in catch from this gear.
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Bumper catch of Pampus chinensis (Euphrasen, 1788) landed at New
Ferry Wharf, Mumbai
THAKUR DAS, SUJIT SUNDARAM, C. J. JOSEKUTTY AND B. B. CHAVAN
Mumbai Research Centre of CMFRI, Mumbai
Pomfrets are considered a valuable seafooddelicacy and enjoy great market demand in
Maharashtra. An unprecedented high catch (Plate 1)
of Pampus chinensis commonly known as ‘Chinese
pomfret was landed by trawlers at New Ferry Wharf
on 20-10-07. The fishing ground was towards north-
west at a depth of 30-40 m. About three trawlers
landed 1.6 t of Chinese pomfrets and the total income
generated from this catch was about Rs. 3,87,200/-.
A total of 57 specimens were measured and the fork
length ranged from 218 mm to 369 mm with a mode
in the length-group of 270-279 mm (Fig. 1). The
Chinese pomfrets are found in the shelf waters at
80 m depth off Mumbai and in the Gulf of Kutch.
Abundance of this species varies from year to year
and generally they are not caught in such large
numbers. Such an unprecedented catch of adult
specimens is reported for the first time.
On the mass mortality of tigger fish Odonus niger (Rupell) along Dhanuskodi coast
showed a pH of 8.21, dissolved oxygen 4.91ml / l,
salinity 34.9 ppt, chlorophyll 0.442 mg/m3 and
ammonia was below detection level. There was no
algal bloom observed in the area. The dead fishes
had immature gonads. O. niger is known to reach a
length of 600 mm. The length range of dead fishes
recorded in this region was 80-100 mm. The species
is observed in the landings of trawlers at
Rameswaram and Pamban landing centres as a by-
catch. This group of fishes might be discarded by the
fishermen in the area as it has no commercial value.
Due to the high waves in Dhanuskodi region towards
the shore, fishes might have died as it was not able
to move back to the reef area.
Fig. 2. Heavy landing of Chinese pomfret at
New Ferry Wharf
Fig. 1. Length frequency of Pampus chinensis landed at
New Ferry Wharf
grading and price of Chinese pomfrets at New Ferry
Wharf are shown in Table 1.
Table 1. Grading and price of Chinese pomfrets at New
Ferry Wharf
Weight of Grade Price per
pomfret (g) kg (Rs.)
Above 500 Number 1 317
400 to 499 Number 2 267
300 to 399 Number 3 142
14 Marine Fisheries Information Service T&E Ser., No. 197, 2008
On a sarcoma observed in Epinephelus diacanthus
B. B. CHAVAN, SUJIT SUNDARAM AND B. N. KATKAR
Mumbai Research Centre of CMFRI, Mumbai
Tumour seems to be a rare occurrence in marinefishes. An interesting case of endo-tumour was
encountered in a male specimen of Epinephelus
Plate 1 : Endo-tumour in Epinephelus diacanthus
diacanthus landed at New Ferry wharf on 20-10-06.
The fish measured 382 mm in total length and
weighed 845 g. The tumorous outgrowth was round
Plate 2 : Close up of the endo tumour in E. diacanthus
Brief report on recently inaugurated Ganguli ‘Mini Fisheries Harbour’
A. P. DINESHBABU AND GANESH BHATKAL
Mangalore Research Centre of CMFRI, Mangalore
Ganguli is one of the major mechanized fishlanding centres of North Kanara Coast. For
enhancing harbour facility and fish porduction from
North Kanara District, a ‘Mini Fisheries Harbour’ was
constructed recently. The Mini Fisheries Harbour, which
was under construction for the last five years was
inaugurated and opened to the public by honourable
Fisheries Minister of Karnataka state on 24-08-2007.
Here are some details of the fishing harbour:
Date of commence-
ment of construction : 18-03-2002
Date of completion
of work : 24-08-2007
Length of the Jetty : 403 m.
Boat berthing capacity : 500
A view of the newly constructed Ganguli ‘Mini Fisheries Harbour’
Cost of construction : 832 Crores
Constructed by : Geotech Construction
Company, Cochin
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On a humpback dolphin, washed ashore at Seeniappa Durgah,
Gulf of Mannar
V. VENKATESAN AND N. RAMAMURTHY
Mandapam Regional Centre of CMFRI, Mandapam Camp
A dead dolphin was washed ashore at SeeniappaDurgah along the Gulf of Mannar coast on
22-10-2007. It was identified as humpback dolphin
Sousa chinensis (Osbeck) with the help of external
On a sarcoma observed in Epinephelus diacanthus
shaped and was situated inside the abdominal cavity.
The tumor measured 14.3 mm and weighed 2.448 g.
It was grayish black in colour and was tough/soft in
consistency. The tumor was connected to the body
by connective tissue. The nature of the atypical growth
could not be investigated.
A case of ecto-tumour was earlier reported from
Mumbai in Otolithes cuveri (MFIS-183).
We are grateful to Dr. V. D. Deshmukh and
Dr. Miriam Paul Sreeram for their constant
encouragement.
Table 1. Morphometric measurements (cm) of Sousa
chinensis (Osbeck) washed ashore at Seeniappa Durga.
Diameter of eye 2.5
Tip of snout to notch of caudal fluke 228
Tip of snout to origin of dorsal fin 100
Tip of snout to centre of eye 39.4
Tip of snout to blow hole 41
Tip of snout to origin of flipper 62.5
Tip of snout to centre of anus 162
Length of flipper along outer margin 36
Length of flipper along inner margin 25
Length of dorsal fin along outer margin 41.5
Length of dorsal fin along inner margin 12.3
characters especially the number of teeth. The
specimen was a female of 228 cm in length and
100 kg in weight having deep cut at the ventral region
which might have been caused by a boat propeller.
The morphometric measurements of the humpback
dolphin is given in Table 1. From local fishermen, it
was understood that one more dolphin of same size
belonging to same species was washed ashore
fourteen days before.
Height of dorsal fin 18.7
Width at anal region 35.4
Depth at origin of flipper 42
Depth at origin of dorsal fin 70
Depth at origin of eye 13.8
Length of upper jaw 32
Length of lower jaw 31
Fork length from tip to tip 54.9
Record of complete albinism in marine catfish, Osteogeneiosus militaris
(Linnaeus, 1758), landed at Mumbai
B. B. CHAVAN, SUJIT SUNDARAM, A. D. SAWANT AND THAKUR DAS
Mumbai Research Centre of CMFRI, Mumbai
Albinism is due to one of several gene mutationsthat affect the normal pigmentation. There are
various degrees of albinism. True albino or
amelanistic animals lack melanin and are white with
unpigmented pink eyes. The term ‘Albinism’ is
generally used to denote absence of pigmentation,
which is only nature’s freak (Jones and Pantalu, 1952)
and not necessarily a hereditary trait (Martin, 1963).
One such case of albinism was observed in a
marine catfish landed at Versova landing centre on
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Fig. 2 : Albino and normal specimen of
Osteogeneiosus militaris
Table 1. Complete albinism reported in catfish from Indian waters
Author Year Species Publication
Gupta and Bhowmik 1958 Arius jella Day Sci. & Cul., 24(6): 283
Rajapandian and Sundaram 1968 Tachysurus dussumieri (Cuvier and Valenciennes) J.M.B.A., 9(1): 194-195.
James et al. 1975 Tachysurus tenuispinis (Day) Matsya, 2:82.
Pillai and Somavanshi 1981 Arius caelatus (Valenciennes) I.J.F., 26:240-241.
Thakurdas et al. 2006 Arius caelatus (Valenciennes) M.F.I.S., 188:21-22
Table 2. Comparative morphometric measurements of
albino and normal catfish Osteogeneiosus militaris
Morphometric Albino Normal
measurments catfish catf ish
(Length (mm)/weight (g))
Total length 294 289
Snout to penduncle length 234 231
Length of barble 72 70
Distance from snout to dorsal fin 89 88
Distance from snout to pectoral fin 62 59
Distance from snout to pelvic fin 121 114
Distance from snout to anal fin 168 163
Outer margin of dorsal fin 54 51
Inner margin of dorsal fin 23 19
Distance from snout to adipose fin 181 176
Outer margin of adipose fin 28 27
Inner margin of adipose fin 18 16
Length of mouth 61 60
Outer margin of pectoral fin 43 40
Inner margin of pectoral fin 14 11
Length of air blader 40 39
Length of pelvic 35 34
Weight of pelvic 0.77 0.67
6-9-07 by a trawler. The specimen was brought to
the laboratory and was identified as a mature female
specimen of Osteogeneiosus militaris. This species
is commonly known as ‘Soldier catfish’ and locally
known as Pethra singada. The specimen measured
294 mm in total length and weighed 220 g. The
diameter of the intra-ovarian eggs varied from 6.38
to 8.62 mm and total number of eggs was 17. The
gut was found to be without any food matter.
The entire fish including the fins was dull whitish
pink in colour and devoid of any pigmentation
(Fig. 1). Normally in O. militaris, the top of the head
and back is bluish and the belly is lighter greyish white.
The tips of first dorsal and adipose fins are dark blue.
Fig. 1. Albino specimen of catfish,
Osteogeneiosus militaris (Linnaeus, 1758)
Although there are a number of reports on partial
albinism, cases of complete albinism were reported
only in a few instances. Some of the instances of
complete albinism reported in catfish from Indian
waters are given in Table 1.
The present report seems to be the first instance
of complete albinism in O. militaris. Hence, detailed
morphometric measurements were taken and
compared with those of a normal female individual of
approximately the same size (289 mm) to see if any
variations existed due to albinism (Table 2). But for
the absence of pigmentation and some variations in
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Book Review:
Status and Perspectives in Marine Fisheries Research in India - CMFRI
Diamond Jubilee Publication
T. S. NAOMI
Central Marine Fisheries Research Institute, Cochin
Title of the book : Status and Perspectives inMarine Fisheries Research in
India
Editors : Mohan Joseph Modayil and
N. G. K. Pillai
Published by : CMFRI, Cochin
ISBN : 81-90129  6-0
Year of Publication : 2007
No. of pages : 404
Binding : Case Binding
The year 2007 dawned heralding the Diamond
Jubilee Year of CMFRI and along came the target of
propagating the devoted and fruitful service rendered
by the premier marine fisheries organization,
presently, one of the best marine fisheries institutions
in the world. A series of
celebrations followed
accompanied by the
release of quite a
number of books to
share our happiness
and to prove our worth
of what we have done






Research in India” as
the name suggests
underlines the significance of the growth and present
stature of Indian marine fisheries.
The book deals with 13 review papers written by
31 experienced and eminent scientists including three
former Directors of CMFRI on an incredible array of
diverse and topical issues highly relevant to India.
The first paper takes us through the history of marine
fisheries research in India to its present level
encompassing its impact and the future research
priorities of CMFRI. The second paper, a brilliant
account of the fisheries sector as a whole and its
achievements in particular, reviews the salient
features in retrospect while attempting to postulate
the prospects by highlighting the critical issues
surrounding the sector. The author, backed up by his
40 years of experience in research, teaching and
administration and aided by an overwhelming string
of literature, suggests possible ways on how to
circumvent the obstacles on the path of progress and
reach the sectoral and national objectives. The third
paper delineates the summary on the present trends
and future possibilities of the Indian marine capture
fisheries.
The next four papers portray extensively the
resource and biological characteristics, mode of
exploitation, production trends, management inputs
and advisories of pelagic, demersal, crustacean and
molluscan capture fisheries of India. The principal
components of the respective fisheries are given
along with the species-specific details and distribution,
growth, development, migration, predictive modeling,
Record of complete albinism in marine catfish, Osteogeneiosus militaris (Linnaeus, 1758), landed at Mumbai
the length and colour of the barbels, the albino agrees
in morphological characters with the normal
Weight of ovary 7.16 0.95
Weight of lever 3.05 2.01
Weight of air blader 4.14 3.34
specimen, typical of the species (Fig. 2). The weight
of the albino specimen (220 g) was more than the
normal specimen which was a maturing one and
weighed only 178 g.
The specimen is preserved in formalin at the
Mumbai Research Centre of C. M. F. R. I.
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conservation, management, present status and future
prospects. Each review paper in this series of four
assumes the status of a reference text with regard to
the contents and graphic details of the capture fishery
which you wish to read and assimilate.
The eighth paper makes us conversant with an
overview of the advancements made in marine
fisheries research on fish stock assessment and the
statistical support given to the region-wise and
resource-wise estimates by developing sampling
methodology for the marine fish landings in India.
A chronological list on the progress made in the
methodology right from 1950 highlights the
development of need-based software available in
CMFRI for various research purposes. The CMFRI’s
Computer Data Centre uses the most sophisticated
machines and is supported by the Agricultural
Research Information Service (ARIS) of ICAR.
The ninth paper is on the status of marine fishery
environment research in India. It briefly touches upon
the oceanography of the Indian seas in general and
the impact of the environmental factors on certain
fish stocks and the recent trends in oceanographic
research including remote sensing, global
oceanographic databases and the regime shifts. The
paper is almost silent on the status of the primary
and secondary producers and the micro-organisms
in relation to the ecological parameters of the Indian
seas. Voluminous data collected by CMFRI through
cruises conducted in the Indian EEZ and by the other
small vessels testify to the large number of papers
published on the fauna and flora in relation to
environmental factors.
The next paper reviews the present stature of
marine biodiversity research in India in a very
comprehensive manner. Topics on monitoring,
inventorying and taxonomic treatises on marine bio-
resources of almost all the marine phyla recorded
from the Indian seas are presented in a nutshell.
Concise accounts on fishes, turtles and mammals
are included. It also encompasses bioprospecting and
our priorities on conservation, management and
sustainable use of marine resources in terms of the
challenges facing the marine diversity research in
India.
‘Perspectives in marine biotechnology research
and development in India’ is on the research initiatives
taken in marine biotechnology sector and its
consequent developments in Indian aquaculture.
Valuable information is provided exhaustively on the
work done in India on stock improvement through
genetic tools and selective breeding, genetic
characterization, diversity evaluation and
conservation of fishery resources and concluded with
cryopreservation, nutritional biotechnology, fish health
management and bioprospecting.
A comprehensive account on the mariculture
research, the present status, constraints and
prospects in India is given in the next paper. CMFRI
is the pioneering Institute in the country to initiate
mariculture research and developed technologies
suitable for the Indian conditions. Crustacean
mariculture through shrimp farming and hatchery
technology, lobster and crab farming/fattening;
molluscan mariculture dealing with pearl, mussel,
clam, gastropod and cephalopod culture; marine
finfish culture inclusive of ornamental fish culture,
seaweed culture, sea cucumber, rotifers and
microalgae are discussed. Major constraints and their
alternatives are proposed in the paper.
The last paper is on ‘Fisheries economics and
extension in India’. The paper is differentiated into
three major issues: fisheries economics and policy
research, extension research and technology transfer
and finally, the challenges and the opportunities. It is
an overview of extension research, commencing with
the earlier days of CMFRI through the many
innovations made at each stage and conclude with
advocating new dimensions of amicable solutions to
the emerging challenges.
This  publication  will  be  a  useful  information
database for the students, researchers, fishery
planners, policy makers and all those who get
associated with fisheries. This is the book which you
were awaiting to read, a compendium of valuable
collection of review papers, the alpha and omega of
marine fisheries research conducted in India with the
purview of a global background and written and peer
reviewed by experts in the field. As Walt Disney says
“There is more treasure in books than in all the pirates’
loot on Treasure Island and at the bottom of the
Spanish Main.......” The reader too will find that the
book is a treasure trove of incomparable value from
where he can pick and choose and enrich himself
from page one to the last.
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=i{……n˘x… EÚÆ˙x…‰ E‰Ú  ±…B  ¥…EÚ ∫…i…  EÚB ®……x…EÚ i…EÚx…“EÚ EÚ…‰ n‰˘ ∫…EÚi……
ΩË˛* {…… ±…i… §…Ω÷˛∫…∆J™…EÚ |…… h…™……ƒ  b˜®¶…EÚ…‰ii…Æ˙ +¥…∫l…… ®…Â ®……∆∫……Ω˛…Æ˙“ ™……
∫…¥……«Ω˛…Æ˙“ Ω˛…‰x…‰ {…Æ˙ ¶…“ =x…EÚ“  b˜®¶…EÚ“™… +¥…∫l…… EÚ“ UÙ…‰]ı“ ∫…“ +¥… v… ®…Â
BEÚ {……‰π…EÚ E‰Ú ∞¸{… ®…Â ∫…⁄I®… B±M…‰ EÚ…‰ ∫…“v…… ™…… i……‰ =x…EÚ…‰  J…±……B
V……x…‰¥……±…‰ |…… h…™……Â EÚ…‰  J…±……EÚÆ˙ {…Æ˙…‰I… ∞¸{… ®…Â  J…±……x…… + x…¥……™…« ΩË˛*
{…‰ x…+…<b˜ ÀS…M…]ı E‰Ú {…∂S…  b˜®¶…EÚ EÚ… ∫°÷Ú]ıx…∂……±…… =i{……n˘x… |……l… ®…EÚ
+¥…∫l……+…Â ®…Â V…“¥…∆i… b˜™……]ı®……Â +…ËÆ˙ §……n˘ EÚ“ +¥…∫l……+…Â ®…Â +…]ı‘ ®…™……
{…Æ˙ +… ∏…i… Æ˙Ω˛i…… ΩË˛* Æ˙…‰ ]ı°‰ÚÆ˙…Â +…ËÆ˙ +…]ı‘ ®…™…… E‰Ú |…™……‰M… ∫…‰ Ω˛“ ∫…®…÷p˘“
{…J…®…UÙ ±…™……Â EÚ… ∫……¥…«¶……Ë ®…EÚ =i{……n˘x… ∫……v™… §…x……™…… V……i…… ΩË˛* ∫…®…÷p˘“
{…J…®…UÙ±…“  b˜®¶…EÚ ∫…∆¥…v…«x… E‰Ú  ±…B |…™…÷Ci… "O…“x… ¥……]ıÆ˙ i…EÚx…“EÚ' ®…Â
∫…⁄I®… B±M…‰ EÚ…  x…™… ®…i… ={…™……‰M… Ω˛…‰ Æ˙Ω˛… ΩË˛* + v…EÚi…Æ˙ ∫…®…÷p˘“ {…J…
®…UÙ ±…™……Â E‰Ú  b˜®¶…EÚ x…“b˜{……‰π…“ Ω˛…‰i…‰ ΩÈ˛ +…ËÆ˙ {…“i…EÚ EÚ…‰π… J…i…®… Ω˛…‰x…‰ {…Æ˙
™…‰ + ¥…EÚ ∫…i… +¥…∫l…… ®…Â Ω˛“ Æ˙Ω˛ V……i…‰ ΩÈ˛* =n˘Æ˙ EÚ“ +x…÷{…Œ∫l… i… ®…Â
<x…EÚ“ {……S…EÚ i…∆j… +±{…¥…Ãv…i… Ω˛…‰i…… ΩË˛ +…ËÆ˙ |……‰]ı“x… {……S…x… EÚ… EÚ…™…«
|…®…÷J…i…: {…∂S……∆j… ={…EÚ±…… EÚ…‰∂……Â ®…Â Ω˛…‰ V……i…… ΩË˛* x…“b˜{……‰π…“  b˜®¶…EÚ…Â ®…Â
∫…⁄ j…i… J……t {… S…i… EÚÆ˙x…‰ EÚ“ I…®…i…… x…Ω˛” ΩË˛, <∫… ±…B V…“¥…∆i… J……t Ω˛“
=x…E‰Ú  ±…B V……x…n˘…Æ˙ ΩË˛* J……t V…“¥… V…±… ∫i…®¶… ®…Â i…Æ˙h… EÚÆ˙ ∫…EÚi…‰ ΩË˛
V…“. M……‰{…E÷Ú®……Æ˙, E‰Ú. ®…v…÷, Æ˙“i…… V…™…∂…∆EÚÆ˙, Æ˙®…… ®…v…÷, V……‰ E‰Ú.  EÚπ…√CE⁄Úb˜x…, V……‰ ∫…±…“x… V……‰∫…, §……‰ §… <Mx…‰ π…™…∫…, {…“.  ¥…V…™…M……‰{……±…,
π……‰V…“ V……‰∫…°Ú, M…÷±∂…n˘ ®……‰Ω˛®®…n˘ +…ËÆ˙ ®……‰±…“ ¥…M…‘∫…
EÂÚp˘“™… ∫…®…÷p˘“ ®……Œi∫™…EÚ“ +x…÷∫…∆v……x… ∫…∆∫l……x…
+…ËÆ˙  b˜®¶…EÚ…Â E‰Ú  ±…B ™…‰ ∫…n˘… ={…±…§v… Ω˛…‰i…‰ ΩÈ˛* <∫…E‰Ú + i… Æ˙Ci… V…±…
®…Â <x… V…“¥…∆i… J……t…Â EÚ… S…±…x…  b˜®¶…EÚ…Â EÚ…‰ +∂…x… E‰Ú  ±…B |…‰Æ˙h…… n‰˘i…“
ΩË˛* `ˆ…‰∫… ∫…⁄j…… ™…i… J……t EÚ“ i…÷±…x…… ®…Â {…i…±…‰ §… Ω˛:E∆ÚEÚ…±… E‰Ú V…±…¶…Æ˙“
V…“¥…∆i… J……t  b˜®¶…EÚ…Â E‰Ú  ±…B + v…EÚ ∫¥…… n˘π]ı Ω˛…‰i…‰ ΩÈ˛*
V…“¥…∆i… J……t E‰Ú ∞¸{… ®…Â EÚ…Ï{…“{……‰b˜…Â EÚ“ ∫…∆¥…v…«x… Æ˙“ i…™……Â EÚ…  ¥…EÚ…∫…,
 b˜®¶…EÚ ∫…∆¥…v…«x… ®…Â  ¥… ¶…z… ∫…⁄I®…∂…Ë¥……±……Â E‰Ú ={…™……‰M… EÚÆ˙E‰Ú O…“x… ¥……]ıÆ˙
i…EÚx…“EÚ…Â {…Æ˙ +v™…™…x…,  b˜®¶…EÚ ∫…∆¥…v…«x… ®…Â ={…™……‰M… E‰Ú  ±…B Æ˙…‰ ]ı°‰ÚÆ˙…Â
EÚ… {……‰π…EÚ ∫…∆{…÷π]ı“EÚÆ˙h…, ∫…⁄I®…∂…Ë¥……±… E‰Ú x…B  ¥…¶…‰n˘…Â EÚ… {…ﬁl…CEÚÆ˙h…,
∫…⁄I®…∂…Ë¥……±… E‰Ú ¶……Æ˙“ ∫…∆¥…v…«x… {…Æ˙ {…Æ˙“I…h…, ®…Ω˛…ÀS…M…]ı…Â E‰Ú  b˜®¶…EÚ
∫…∆¥…v…«x… ®…Â ∫…⁄I®… V…“¥…∆i… J……t…Â EÚ… ={…™……‰M…, {…J…®…UÙ ±…™……Â E‰Ú  b˜®¶…EÚ
∫…∆¥…v…«x… ®…Â EÚ…Ï{…“{……‰b˜…Â EÚ… ={…™……‰M… +…ËÆ˙ ∫…∆{…÷π]ı Æ˙…‰ ]ı°‰ÚÆ˙…Â EÚ… ¥…∫…… +®±…
{… Æ˙SU‰Ù n˘EÚ…™…x… ∫…“ B®… B°Ú +…Æ˙ +…< u˘…Æ˙… 10 ¥…” ™……‰V…x…… {… Æ˙™……‰V…x……
E‰Ú +v…“x… V…“¥…∆i… J……t {…Æ˙ S…±……B M…B |…®…÷J… +x…÷∫…∆v……x… EÚ…™…« l…‰*
V…“¥…∆i… J……t E‰Ú ∞¸{… ®…Â EÚ…Ï{…“{……‰b˜
™…Ω˛ ∫…¥…«®……x™… i…l™… ΩË˛  EÚ {…™……«{i… b˜“EÚ…‰ŒC∫… Ω‰˛C∫……‰x……<EÚ +®±…,
B™…EÚ…‰∫……‰ {…‰x]‰ıx……‰<EÚ +®±… +…ËÆ˙ +Æ˙ EÚb˜…‰ x…EÚ +®±… ™…÷Ci… UÙ…‰]‰ı +…EÚ…Æ˙¥……±…‰
V…“¥…∆i… J……t EÚ±…¥…… B¥…∆ EÚ<« +…±…∆EÚ… Æ˙EÚ ®…UÙ ±…™……Â ∫… Ω˛i… x…“b˜{……‰π…“
 b˜®¶…EÚ…Â ™…÷Ci… ∫…®…÷p˘“ ®…UÙ ±…™……Â E‰Ú  b˜®¶…EÚ {……±…x… E‰Ú  ±…B +i…“¥…
+ x…¥……™…« P…]ıEÚ ΩË˛* §…f¯i…“ ®…Â |…M… i…, + i…V…“ ¥…i…i…… +…ËÆ˙ ∫……®……x™…
∫…®…÷p˘“ ®……Œi∫™…EÚ“
∫…⁄S…x…… ∫…‰¥……
2 ∫…®…÷p˘“ ®……Œi∫™…EÚ“ ∫…⁄S…x…… ∫…‰¥……, i… ¥…  ¥… +∆EÚ ∫…∆. 197, 2008
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¥…h…«EÚi…… EÚ…Ï{…“{……‰b˜  J…±……EÚÆ˙ {……±…x… EÚ“ M…<« |……™…: ∫…¶…“ {…J…®…UÙ ±…™……Â
E‰Ú ®……®…±…‰ ®…Â + ¶…±…‰ J…i… i…l™… ΩË˛* +…EÚ…Æ˙ ÆÈ˙S… ®…Â EÚΩ˛x…‰™……‰M™…  ¶…z…i……
EÚ…Ï{…“{……‰b˜ V…… i…™……Â EÚ…  ¥…∂…‰π… M…÷h… ΩË˛* EÚ…Ï{…“{……‰b˜ +∆b˜…Â ∫…‰ §……Ω˛Æ˙ +…x…‰¥……±……
 b˜®¶…EÚ, EÚ…Ï{…“{……‰b˜…<]ı +¥…∫l……+…Â ®…Â |…¥…‰∂… EÚÆ˙x…‰ E‰Ú {…Ω˛±…‰ 5 ™…… 6
 x…®……ÊS…x… E‰Ú §……n˘  ¥…EÚ ∫…i… x……Ï{±…“ (Bx… B±…) ΩË˛* |……Æ∆˙  ¶…EÚ +¥…∫l…… EÚ“
x……Ï{±…“ +…ËÆ˙ EÚ…Ï{…“{……‰b˜…<]ı UÙ…‰]‰ı ®…÷ƒΩ˛  UÙp˘ E‰Ú ®…UÙ±…“  b˜®¶…EÚ…Â E‰Ú  ±…B
+ i… ={…™……‰M…“ ΩË˛*
UÙ…‰]‰ı EÚ…Ï{…“{……‰b˜…Â EÚ“ n˘…‰ V…… i…™……Â Ω˛Æ˙{……ŒC]ıEÚ…‰<b˜˜˜˜˜˜˜ ™…⁄]ıÆ˙ {…x…… BC™…⁄ ]ı£Ú…‰x∫…
+…ËÆ˙ EÚ±…x……‰<b˜ ∫™…⁄b˜…‰b˜™……{]ı…‰®…∫… ∫…‰Æ˙“EÚ…Ïb˜…]ı∫… EÚ…‰ =x…E‰Ú UÙ…‰]‰ı +…EÚ…Æ˙
E‰Ú +…v……Æ˙ {…Æ˙ +v™…™…x… E‰Ú  ±…B S…÷x…  ±…™…… M…™……* =x…EÚ… +…EÚ…Æ˙ EÚ…
§™……‰Æ˙… <∫… |…EÚ…Æ˙ l……*
∫™…⁄b˜…‰b˜™……{]ı…‰®…∫… ∫…‰Æ˙“EÚ…Ïb˜…]ı∫…
|……Ëf¯ : 643-728 µm
x……Ï{±…“ : 50-65 µm
x……Ï{±…“ EÚ“ +∆ i…®… +¥…∫l…… ®…Â : 185-190 µm
EÚ…Ï{…“{……‰b˜…<]¬ı∫… : 200-514 µm
™…⁄]‰ıÆ˙ {…x…… BC™…⁄]ı“£Ú…‰x∫…
|……Ëf¯ : 485-571 µm
x……Ï{±…“ : 41-52 µm
EÚ…Ï{…“{……‰b˜…<]¬ı∫… : 285-571-345 µm
EÚ±…x……‰<b˜ EÚ…Ï{…“{……‰b˜ ∫™…⁄b˜…‰b˜™……{]ı…‰®…∫… ∫…‰Æ˙“EÚ…Ïb˜…]ı∫… EÚ… ∫…∆¥…v…«x…
{…“. ∫…‰Æ˙“EÚ…Ïb˜…]ı∫… E‰Ú ∫…∆¥…v…«x… {…Æ˙ {…Æ˙“I…h… n˘…‰ ]ıx… v…… Æ˙i…… E‰Ú ]ÈıEÚ…Â
®…Â  EÚB M…B l…‰* |……Æ∆˙¶… ®…Â |… i…  ®… ±…“ 3x105 ∫…‰ 5x105 EÚ…‰ ∂…EÚ…+…Â
i…EÚ x……z……‰C±……‰Æ˙…‰Œ{∫…∫… ∫…∆¥…v…« V……‰b˜EÚÆ˙ ]ÈıEÚ E‰Ú V…±… EÚ…‰ Ω˛ Æ˙i… §…x……™……
M…™…… l……* <∫… Ω˛ Æ˙i… V…±… ®…Â |……Ëf¯ EÚ…Ï{…“{……‰b˜…Â EÚ…‰ b˜…±…  n˘™…… M…™……* {…⁄Æ‰˙
{…Æ˙“I…h……¥… v… i…EÚ EÚ…‰ ∂…EÚ…+…Â EÚ“ ∫…∆J™…… §…x……™…‰ Æ˙J…x…‰ E‰Ú  ±…B Æ˙…‰W…
Ω˛ Æ˙i… V…±… ¶…Æ˙i…‰ Æ˙Ω˛…* Ω˛Æ˙ Æ˙…‰W… +∆b˜Æ˙ Ω˛i…, +∆b˜∫… Ω˛i…, x……{±…“ +…ËÆ˙





{…“. ∫…‰Æ˙“EÚ…Ïb˜…]ı∫… +…ËÆ˙ <«. BC™…⁄]ı“£Ú…‰x∫… EÚ…  ®… ∏…i… ∫…∆¥…v…«x…
 b˜®¶…EÚ ∫…∆¥…v…«x… ®…Â EÚ…Ï{…“{……‰b˜  ®… ∏…i……Â ∫…‰ ∫…∆¥…v…«x… EÚÆ˙x…‰ {…Æ˙ |……{i…
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 S…j… 5 - +∆b˜Æ˙ Ω˛i… EÚ…Ï{…“{……‰b˜…Â EÚ“ nË˘ x…EÚ ∫…∆J™……
 S…j… 6 - +∆b˜∫… Ω˛i… EÚ…Ï{…“{……‰b˜…Â EÚ“ nË˘ x…EÚ ∫…∆J™……
 S…j… 7 - x……Ï{±…“ EÚ“ nË˘ x…EÚ ∫…∆J™……
 S…j… 8 - EÚ…Ï{…“{……‰b˜…<]ı…Â EÚ“ nË˘ x…EÚ ∫…∆J™……
∫…∆¥…v…«x… {…Æ˙ {…Æ˙“I…h… S…±……™…… M…™……* ∫…∆¥…v…«x…  ¥… v… ¥…Ω˛“ l…“ V……‰ {…“.
∫…‰ Æ˙EÚ…Ïb˜…]ı∫… E‰Ú  ±…B |…™…÷Ci… EÚ“ M…™…“ l…“*  ¥… ¶…z… +¥…∫l……+…Â EÚ“
nË˘ x…EÚ ∫…∆J™……  S…j… 5-8 ®…Â n˘“ M…™…“ ΩË˛*
V…“ ¥…i… S……Æ˙… E‰Ú ∞¸{… ®…Â EÚ…Ï{…“{……‰b˜…Â E‰Ú |…™……‰M… EÚÆ˙E‰Ú  b˜®¶…EÚ ∫…∆¥…v…«x…
{…Æ˙“I…h…
 b˜®¶…EÚ ∫…∆¥…v…«x… ]ÈıEÚ E‰Ú Ω˛ Æ˙i… V…±… ®…Â EÚ…Ï{…“{……‰b˜…Â EÚ… ∫…Ω˛-∫…∆¥…v…«x…
∫…®…÷p˘“ {…J…®…UÙ ±…™……Â E‰Ú {……±…x… ®…Â +i™… v…EÚ |…¶……¥…“ n‰˘J…… M…™……* ∂…÷Ø˚+…i…
®…Â  b˜®¶…EÚ ∫…∆¥…v…«x… ]ÈıEÚ (5 ]ıx… v…… Æ˙i…… E‰Ú B°Ú +…Æ˙ {…“ ]ÈıEÚ) E‰Ú V…±…
EÚ…‰ {…™……«{i… ®……j…… ®…Â x……z……‰C±……‰Æ˙…‰Œ{∫…∫… ∫…∆¥…v…« V……‰b˜EÚÆ˙ Ω˛ Æ˙i… §…x……  n˘™……
M…™…… i…… EÚ |… i…  ®… ±…“ 3x105 EÚ…‰ ∂…EÚ…+…Â ∫…‰ 5x105 EÚ…‰ ∂…EÚ…B∆
|……{i… Ω˛…‰ ∫…E‰Ú* <. BC™…⁄ ]ı£Ú…‰x∫… +…ËÆ˙ {…“. ∫…‰Æ˙“EÚ…Ïb˜…]ı∫… E‰Ú |……Ëf¯…Â EÚ…‰ ]ÈıEÚ
®…Â b˜…±…… M…™……* |… i… 50  ®… ±…“ ®…Â ={…Œ∫l…i… +∆b˜¥……Ω˛EÚ EÚ…Ï{…“{……‰b˜…Â,
x……Ï{±…“ +…ËÆ˙ EÚ…Ï{…“{……‰b˜…<]ı…Â EÚ“ ∫…∆J™……  M…x…EÚÆ˙ =x…EÚ“ §…f¯i…“ ∫…÷ x…Œ∂S…i…
EÚÆ˙x…‰ E‰Ú §……n˘ x…B ∫°÷Ú ]ıi…  b˜®¶…EÚ…Â EÚ…‰ <x… ]ÈıEÚ…Â ®…Â b˜…±…… M…™……*
<∫… Æ˙“ i… E‰Ú |…™……‰M… EÚÆ˙E‰Ú {……ƒS… +±…∆EÚ…Æ˙“ ®…UÙ±…“ V…… i…™……Â V…Ë∫…“
b˜… ∫…±±…∫… ]≈ı…<®……E÷Ú±……]ı∫…, b˜“. +Ø˚¥……x…∫…, {……‰®……∫…‰x]≈ı∫… ∫…“Ø˚±…∫…,
 x…™……‰{……‰®……∫…‰x]≈ı∫… x…‰®…÷Æ˙∫… +…ËÆ˙ GÚ…‰ ®…∫…  ¥… Æ˙ b˜∫… E‰Ú  b˜®¶…∫…∆¥…v…«x… {…Æ˙
{…Æ˙“I…h… S…±……™…… M…™…… l……* ={…™…÷«Ci… {……ƒS… V…… i…™……Â E‰Ú ∫…°Ú±…  b˜®¶…EÚ
{……±…x… {…Æ˙“I…h… E‰Ú |…l…®… S…Æ˙h… E‰Ú n˘…ËÆ˙…x… |… i… 50  ®… ±…“ ®…Â |……Ëf¯
EÚ…Ï{…“{……‰b˜…Â, +∆b˜¥……Ω˛EÚ EÚ…Ï{…“{……‰b˜…Â, x……Ï{±…“ +…ËÆ˙ EÚ…Ï{…“{……‰b˜…<]ı…Â EÚ“ ∫…∆J™……
+ ¶…±…‰ J…i… EÚ“ M…™…“ l…“*
b˜… ∫…±…∫… +Ø˚¥……x…∫…  b˜®¶…∫…∆¥…v…«x… E‰Ú |…l…®… S…Æ˙h… ®…Â +∆b˜Æ˙ Ω˛i…
EÚ…Ï{…“{……‰b˜…Â, +∆b˜∫… Ω˛i… EÚ…Ï{…“{……‰b˜…Â, x……Ï{±…“ +…ËÆ˙ EÚ…Ï{…“{……‰b˜…<]ı…Â EÚ“ ∫…∆J™……
|… i… 50  ®… ±…“ GÚ®…∂…: 7-152, 1-109, 3-273 +…ËÆ˙ 12-173 E‰Ú
ÆÈ˙S… ®…Â l…“* b˜“. ]≈ı…<®……E÷Ú±……]ı∫…  b˜®¶…∫…∆¥…v…«x… EÚ“ |…l…®… S…Æ˙h… ®…Â +∆b˜Æ˙ Ω˛i…
EÚ…Ï{…“{……‰b˜…Â, +∆b˜∫… Ω˛i… EÚ…Ï{…“{……‰b˜…Â, x……Ï{±…“ +…ËÆ˙ EÚ…Ï{…“{……‰b˜…<]ı…Â EÚ“ ∫…∆J™……
|… i… 50  ®… ±…“ GÚ®…∂…: 22-109, 7-97, 35-203 +…ËÆ˙ 37-163 l…“
+…ËÆ˙ {……‰®……∫…‰x]≈ı∫… ∫…“Ø˚±…∫… ®…Â +∆b˜Æ˙ Ω˛i… EÚ…‰{…“{……‰b˜…Â, +∆b˜∫… Ω˛i… EÚ…Ï{…“{……‰b˜…Â,
x……Ï{±…“ +…ËÆ˙ EÚ…Ï{…“{……‰b˜…<]ı…Â EÚ“ ∫…∆J™…… |… i… 50  ®… ±…“ GÚ®…∂…: 21-
263, 7-41, 23-132 +…ËÆ˙ 17-73 l…“*  x…™……‰{……‰®……∫…‰x]≈ı∫… x…‰®…÷Æ˙∫… ®…Â
+∆b˜∫… Ω˛i… EÚ…Ï{…“{……‰b˜…Â, x……Ï{±…“ +…ËÆ˙ EÚ…Ï{…“{……‰b˜…<]ı…Â EÚ“ ∫…∆J™…… |… i… 50
 ®… ±…“ GÚ®…∂…: 11-230, 3-41, 24-171 +…ËÆ˙ 2-262 l…“ +…ËÆ˙













∫…®…÷p˘“ {…J…®…UÙ±…“ +…ËÆ˙ EÚ¥…S… ®…UÙ±…“ E‰Ú  b˜®¶… ∫…∆¥…v…«x… E‰Ú  ±…B V…“¥…∆i… J……t +x…÷∫…∆v……x…
4 ∫…®…÷p˘“ ®……Œi∫™…EÚ“ ∫…⁄S…x…… ∫…‰¥……, i… ¥…  ¥… +∆EÚ ∫…∆. 197, 2008
 S…j… 9 - ¥…™…∫EÚ ™…⁄]ıÆ˙ °Úx…… BC™…⁄ ]ı£Ú…‰x∫…
EÚ…Ïb˜ ™…EﬁÚi… i…‰±… ∫…‰ ∫…∆{…÷π]ı  EÚ™…… M…™…… Æ˙…‰]ı“°‰ÚÆ˙
EÚ…‰ {…{……‰b˜…Â, +∆b˜∫… Ω˛i… EÚ…Ï{…“{……‰b˜…Â, x……Ï{±…“ +…ËÆ˙ EÚ…Ï{…“{……‰b˜…<]ı…Â EÚ“ ∫…∆J™……
|… i… 50  ®… ±…“ GÚ®…∂…: 5-61, 1-62, 21-116 +…ËÆ˙ 6-41 l…“*
M…™……* |…l…®… {…xp˘Ω˛  n˘x……Â ®…Â  b˜®¶…EÚ {……±…x… ]ÈıEÚ…Â ®…Â x……Ï{±…“ EÚ“ ∫……∆p˘i……
|… i… 50  ®… ±…“ 4-13 E‰Ú ÆÈ˙S… ®…Â +…ËÆ˙ EÚ…Ï{…“{……‰b˜…<]ı EÚ“ ∫……∆p˘i…… 2-11
®…Â §…x……™…“ Æ˙J…“ l…“*
∫…¶…“  b˜®¶…EÚ ∫…∆¥…v…«x… {…Æ˙“I…h……Â ®…Â |…l…®… {…xp˘Ω˛  n˘x……Â ®…Â  b˜®¶…EÚ…Â
EÚ“ + i…V…“ ¥…i…i…… x……Œ{±…™…∫…/EÚ…Ï{…“{……‰b…<] +¥…∫l……+…Â EÚ“ ∫…P…x…i…… E‰Ú
∫…®……x…÷{…… i…EÚ l…“*
 b˜®¶… ∫…∆¥…v…«x… ]ÈıEÚ…Â ®…Â EÚ…Ï{…“{……‰b˜…Â E‰Ú ∫……l… Æ˙…‰]ı“°‰ÚÆ˙…Â EÚ“ |…∫i…÷ i…
b˜“. ]≈ı…<®……E÷Ú±……]ı∫… +…ËÆ˙ b˜“. +Ø˚¥……x…∫…  b˜®¶…EÚ ∫…∆¥…v…«x… {…Æ˙
 EÚB M…B |…i™…‰EÚ {…Æ˙“I…h… ®…Â |…l…®… Ω˛}i…‰ E‰Ú +∆i… ®…Â EÚ…Ï{…“{……‰b˜…Â E‰Ú ∫……l…
Æ˙…‰]ı“°‰ÚÆ˙…Â EÚ…‰ ¶…“ V……‰b˜  n˘™…… M…™……* 2-3  n˘x……Â ®…Â EÚ…Ï{…“{……‰b˜…Â ∫…‰ ¶…“
§…f¯EÚÆ˙ Æ˙…‰]ı“°‰ÚÆ˙…Â EÚ… |…∫°÷Ú]ıx… n‰˘J…… M…™……* n˘…‰x……Â {…Æ˙“I…h……Â ®…Â  b˜®¶…EÚ…Â EÚ“
{…⁄h…« ®…i™…«i…… n‰˘J…“ M…™…“*
S……Æ˙… V…“¥……Â EÚ… {……‰π…h… ∫…∆{…÷π]ı“EÚÆ˙h…
C±……=x… ®…UÙ±…“ +…®°Ú“ |…™……‰x… +…‰∫…‰±±…… Æ˙∫… E‰Ú  b˜®¶… ∫…∆¥…v…«x… E‰Ú
 ±…B ∫…∆{…÷π]ı Æ˙…‰]ı“°‰ÚÆ˙
(i) C±……‰Æ‰˙±±…… ∫…… ±…x…… (60-70x106) ∫…‰ ∫…∆{…÷π]ı Æ˙…‰]ı“°‰ÚÆ˙ x…‰ (|… i…
 ®… ±…“ 100-150)  b˜®¶…EÂÚ ∫°÷Ú ]ıi… Ω˛…‰x…‰ E‰Ú §……n˘ 0-15  n˘x……Â ®…Â
45% + i…V…“ ¥…i…i…… n˘V…« EÚ“*
(ii) x……x……‰C±……‰Æ˙…‰Œ{∫…∫… +…‰C™…÷±……]ı… (60-70x106) ∫…‰ ∫…∆{…÷π]ı  EÚ™…‰
M…™…‰ Æ˙…‰]ı“°‰ÚÆ˙ x…‰ (|… i…  ®… ±…“ 100-150) ∫°÷Ú]ıx… E‰Ú 0-15  n˘x……Â
®…Â 68% + i…V…“ ¥…i…i…… n˘V…« EÚ“*
(iii) 1:1 E‰Ú +x…÷{……i… ®…Â ∫…“. ∫…… ±…x…… (60-70x106) +…ËÆ˙ Bx….
+…‰E¬Ú™…÷±……]ı… (60-70x106) ∫…‰ ∫…∆{…÷π]ı  EÚB M…B Æ˙…‰]ı“°‰ÚÆ˙  J…±……x…‰
∫…‰ ∫°÷Ú]ıx… E‰Ú §……n˘ 0-15  n˘x……Â ®…Â  b˜®¶…EÚ…Â ®…Â 80-85%
+ i…V…“ ¥…i…i…… n‰˘J…“ M…™…“*
 S…j… 11 - x……ÏŒ{±…™…∫… {…“. ∫…‰ Æ˙EÚ…Ïb˜…]ı∫…
 S…j… 10 - {…“. ∫…‰ Æ˙EÚ…Ïb˜…]ı∫… EÚ… {…÷∆V… ∫…∆¥…v…«x…
Ω˛x…“EÚ…‰®§… EÚ±…¥…… B {…x…‰°‰Ú±…∫… ®…‰Æ¬˙Æ˙… EÚ…  b˜®¶…EÚ ∫…∆¥…v…«x…
Ω˛ Æ˙i… V…±… +…ËÆ˙ ∫™…⁄b˜…‰ Ω˛ Æ˙i… V…±… |……Ët…‰ M… EÚ™……Â u˘…Æ˙… +…ËÆ˙ ∫…∆¥…v…«x…
E‰Ú |…l…®… {…xp˘Ω˛  n˘x……Â ®…Â {…“. ∫…‰Æ˙“EÚ…Ïb˜…]ı∫… +…ËÆ˙ <«. BC™…⁄]ı“£Ú…‰x∫… x……Ï{±…“
 J…±……x…‰ u˘…Æ˙… Ω˛x…“EÚ…‰®§… EÚ±…¥…… EÚ… ∫…°Ú±…  b˜®¶…EÚ ∫…∆¥…v…«x… |……{i…  EÚ™……
5(iv) E‰Ú¥…±… EÚ…Ïb˜-™…EﬁÚi… i…‰±… ∫…‰ ∫…∆{…÷π]ı  EÚ™…‰ M…™…‰ Æ˙…‰]ı“°‰ÚÆ˙  b˜®¶…EÚ…Â EÚ“
+ i…V…“ ¥…i…i…… E‰Ú  ±…B +x…÷E⁄Ú±… x…Ω˛” l……* ±…‰ EÚx… i…‰±… E‰Ú ∫……l…
Ω˛ Æ˙i… B±M…‰ Bx…. +…‰C™…÷±……]ı… (60-70x106) +…ËÆ˙ ∫…“.∫…… ±…x……
(60-70x106) ¶…“ V……‰b˜x…‰ ∫…‰ 35-40% i…EÚ EÚ“  b˜®¶…EÚ
+ i…V…“ ¥…i…i…… |……{i… EÚ“ V…… ∫…EÚ“*
C±……=x… ®…UÙ±…“ B. {…‰Æ˙C™…÷±…… E‰Ú  b˜®¶…EÚ {……±…x… {…Æ˙  ¥… ¶…z… Ω˛ Æ˙i…
V…±… |……Ët…‰ M… EÚ™……Â EÚ… |…¶……¥…
C±……‰Æ‰˙±±…… +…ËÆ˙ x……x……‰C±……‰Æ˙…‰Œ{∫…∫… V…… i…™……Â EÚ…‰ 1:1 E‰Ú +x…÷{……i… ®…Â
 ®… ∏…i… EÚÆ˙E‰Ú B. {…‰Æ˙C™…÷±…… E‰Ú  b˜®¶…EÚ {……±…x… ®…Â  ¥… ¶…z… Ω˛ Æ˙i… V…±…
|…h…… ±…™……Â E‰Ú |…¶……¥… V……x…x…‰ E‰Ú  ±…B  EÚB M…B {…Æ˙“I…h……Â x…‰ ¥™…Ci…  EÚ™……
 EÚ:
(i) ∫°÷Ú]ıx… E‰Ú i…÷Æ∆˙i… §……n˘ ∫…‰ i…“∫…Æ‰˙  n˘x… i…EÚ Ω˛ Æ˙i… V…±… E‰Ú ∞¸{… ®…Â
C±……‰Æ‰˙±±…… ∫…… ±…x…… (60x106) E‰Ú ={…™……‰M… EÚÆ˙x…‰ ∫…‰ 50-60%
Àb˜¶…EÚ + i…V…“ ¥…i…i…… |……{i… Ω÷˛<«*
(ii) ∫°÷Ú]ıx… E‰Ú i…÷Æ∆˙i… §……n˘ ∫…‰ i…“∫…Æ‰˙  n˘x… i…EÚ Ω˛ Æ˙i… V…±… E‰Ú ∞¸{… ®…Â
x……x……‰C±……‰Æ˙…‰Œ{∫…∫… (60x106) E‰Ú ={…™……‰M… EÚÆ˙x…‰ ∫…‰ 60-70%
Àb˜¶…EÚ + i…V…“ ¥…i…i…… |……{i… Ω÷˛<«*
(iii) ∫°÷Ú]ıx… E‰Ú i…÷Æ∆˙i… §……n˘ ∫…‰ i…“∫…Æ‰˙  n˘x… i…EÚ Ω˛ Æ˙i… V…±… E‰Ú ∞¸{… ®…Â
x……x……‰C±……‰Æ˙…‰Œ{∫…∫… (60x106) +…ËÆ˙ C±……‰Æ‰˙±±…… ∫…… ±…x…… (60x106)
1:1 +x…÷{……i… ®…Â ={…™……‰M… EÚÆ˙x…‰ {…Æ˙ 80-90% Àb˜¶…EÚ + i…V…“ ¥…i…i……
|……{i… Ω÷˛<«*
x…“±… b˜…®…∫…‰±… E‰Ú Àb˜¶…EÚ {……±…x… ®…Â Ω˛ Æ˙i…V…±… EÚ… |…¶……¥…
x…“±… b˜…®…∫…‰±… Àb˜¶…EÚ…Â EÚ…‰ ∫…⁄I®…∂…Ë¥……±…  J…±……x…‰ ∫…‰ P… ]ıi… |…¶……¥…
{…Æ˙ +v™…™…x…  EÚ™…… M…™……*  ¥… ¶…z… |…EÚ…Æ˙ E‰Ú ∂…Ë¥……±……Â {…Æ˙ {……±…x…  EÚB M…B
Àb˜¶…EÚ…Â EÚ“ +…Ω˛…Æ˙x…±…“ ®…Â {……™…‰ M…B Æ˙…‰]ı“°‰ÚÆ˙…Â EÚ“ ∫…∆J™…… ±…‰EÚÆ˙ +∂…x…
EÚ“ i…“µ…i…… EÚ“ M…h…x…… EÚ“ M…™…“ l…“* <∫…E‰Ú +x…÷∫……Æ˙ x……x……‰C±……‰Æ˙…‰Œ{∫…∫… E‰Ú
|…™……‰M…  EÚB M…B Àb˜¶…EÚ…Â EÚ“ +∂…x… i…“µ…i…… ®…Â +x™… ={…S……Æ˙…Â EÚ“ i…÷±…x……
®…Â UÙ…‰]ı“ ∫…“ ¥…ﬁ r˘ Ω˛…‰i…“ Ω÷˛<« n‰˘J…“ M…™…“ l…“*
EÚE«Ú]ı Àb˜¶…EÚ ∫…∆¥…v…«x… E‰Ú  ±…B Æ˙…‰]ı“°‰ÚÆ˙…Â EÚ… ∫…∆{…÷π]ı“EÚÆ˙h…
|… i…  ®… ±…™…x… Æ˙…‰ ]ı°‰ÚÆ˙…Â EÚ…‰ 300  ®… O…… "+±M……®…EÚ' (¥…… h…V™…EÚ
=i{……n˘) ∫…‰ 6-12 P…∆]ı…Â i…EÚ ∫…∆{…÷π]ı  EÚ™…… M…™……* EÚE«Ú]ı Àb˜¶…EÚ…Â EÚ…‰ <x…
∫…∆{…÷π]ı Æ˙…‰]ı“°‰ÚÆ˙…Â ∫…‰  J…±……™……* ∫…®…÷p˘“ EÚE«Ú]ı ({……‰]⁄«ıx…∫… ∫……∆ŒM¥…x……‰±…‰x]ı∫…)
E‰Ú W……‰B±…  ¥…EÚ…∫… ®…Â +∫…∆{…÷π]ı Æ˙…‰]ı“°‰ÚÆ˙…Â EÚ“ i…÷±…x…… ®…Â  ¥…S……Æ˙h…“™… |…M… i…
x…Ω˛” Ω÷˛<« l…“*
®…Ω˛…ÀS…M…]ı Àb˜¶…EÚ ∫…∆¥…v…«x… E‰Ú  ±…B +…]ı‘ ®…™…… EÚ… ∫…∆{…÷π]ı“EÚÆ˙h…
+…]ı‘ ®…™…… {…÷ ]ıEÚ…+…Â (+…‰ B∫… +…< - •……xb˜) EÚ…‰ ∫°÷Ú ]ıi… EÚÆ˙E‰Ú
 ¥… ¶…z… <®…±∂…x……Â ®…Â 12-24 P…∆]ı…Â i…EÚ ∫…∆{…÷π]ı  EÚ™…… M…™……*
(EÚ) =§……±…‰ ™…… n˘§……™…‰ M…B i……Æ˙±…“ ®……∆∫… ∫…‰  ±…B M…B EÚSS…… i……Æ˙±…“ i…‰±…
EÚ…‰ 1  ®… ±…“/100  ®… ±…“, 2  ®… ±…“/100  ®… ±…“ +…ËÆ˙ 3  ®…
±…“/100  ®… ±…“ EÚ“ n˘Æ˙ {…Æ˙ ®……v™…®… E‰Ú ∞¸{… ®…Â ={…™……‰M…  EÚ™……
M…™……*
(J…) ®…i∫™… S…⁄h…« +…ËÆ˙ + i…∫…⁄I®… ¶…⁄ƒ∫… E‰Ú  ®…∏…h… (1:9) EÚ…‰ 24-48
P…∆]ı…Â i…EÚ  EÚŒh¥…i…  EÚ™…… M…™……* 20µ EÚ{…b‰˜ ∫…‰  x…∫™…∆ n˘i… p˘¥… EÚ…
={…™……‰M…  EÚ™…… M…™……*
(M…) +…‰ ]ı“ ∫…“ (20 {…“ {…“ B®…) - ={…S……Æ˙ E‰Ú §……n˘ {…I®……¶…“ |……h…“
O…∫…x… E‰Ú  ±…B  J…±……™…… M…™……*
(P…) ∫{……<Ø˚ ±…x…… +…ËÆ˙ V…±… EÚ…  ®…∏…h…
(RÛ) ∫{……<Ø˚ ±…x…… +…ËÆ˙ EÚ…Ïb˜ ™…EﬁÚi… i…‰±… EÚ…  ®…∏…h…
(S…) 100  ®… ±…“ ∫…®…÷p˘ V…±… ®…Â EÚ…Ïb˜ ™…EﬁÚi… i…‰±… 1  ®… ±…“ EÚ“ n˘Æ˙ ®…Â
(UÙ) x……x……‰C±……‰Æ˙…‰Œ{∫…∫… ®……v™…®… ®…Â ∫…“{…“ ®……∆∫…  x…±…∆§…x…
+∂…x… {…Æ˙“I…h……Â ®…Â {…“. Ø˚M……‰∫…∫…  °Ú±……‰∫……‰®…… ®…Â EÚSS…… i……Æ˙±…“ i…‰±…
 x…±…∆§…x… x…‰ +SUÙ… {… Æ˙h……®… n˘V…« EÚ“ V…§…  EÚ EÚ…Ïb˜ ™…EﬁÚi… i…‰±… EÚ…
+ ¶…O…Ω˛h… §…Ω÷˛i… EÚ®… l……* ∫{……<Ø˚ ±…x…… +…ËÆ˙ EÚ…Ïb˜ ™…EﬁÚi… i…‰±… EÚ…
 ®…∏…h… ∂…⁄±…“ ®…Ω˛…ÀS…M…]ı E‰Ú  ±…B +SUÙ… ∫l…… {…i… Ω÷˛+…*
{…“. Ω˛…‰®……Æ˙∫…  °Ú±……‰∫……‰®…… ({…Ω˛±…“ +…ËÆ˙ n⁄˘∫…Æ˙“ +¥…∫l……B∆) x…‰ ¶…“
x……x……‰C±……‰Æ˙…‰Œ{∫…∫… ®……v™…®… ®…Â ∫…“{…“ ®……∆∫…  x…±…∆§…x… EÚ… +SUÙ“ i…Æ˙Ω˛ ∫¥…“EÚ…Æ˙
 EÚ™……* ±…‰ EÚx… <∫… +∂…x… ®…Â {…I®……¶…“ |……h…“ O…∫…x… + v…EÚ n‰˘J…… M…™……*
 ∫…±±…… Æ˙b˜ +…ËÆ˙ ∂…⁄±…“ ®…Ω˛…ÀS…M…]ı  b˜®¶…EÚ…Â u˘…Æ˙… +…‰ ]ı“ ∫…“ ∫…‰ ∫…∆{…÷π]ı
 EÚB M…B +…]ı‘ ®…™…… EÚ… + ¶…O…Ω˛h… x…M…h™… l……*
C±……‰Æ‰˙±±…… ∫…‰ ∫…∆{…÷π]ı  EÚB M…B Æ˙…‰]ı“°‰ÚÆ˙ EÚ… ¥…∫…… +®±… |……‰°Ú…<±…
C±……‰Æ‰˙±±…… E‰Ú ®……v™…®… ∫…‰ =M……™…‰ M…B Æ˙…‰]ı“°‰ÚÆ˙…Â EÚ…‰ ∫…∆O… Ω˛i… EÚÆ˙E‰Ú
¥…∫…… +®±……Â E‰Ú  ±…B {… Æ˙SU‰Ù n˘i…  EÚ™…… M…™……* {…Ω˛±…‰ E‰Ú EÚ…™…«EÚi……«+…Â EÚ“
 Æ˙{……‰]ı…Á E‰Ú +x…÷∫……Æ˙ {……n˘{…{±…¥…EÚ…Â {…Æ˙ ∫…∆¥…v…«  EÚB M…B Æ˙…‰]ı“°‰ÚÆ˙…Â ®…Â
§…Ω÷˛+∫…∆i…ﬁ{i… ¥…∫…… +®±… §…Ω÷˛i… EÚ®… l……*
∫…⁄I®…∂…Ë¥……±…
x…B  ¥…¶…‰n˘…Â EÚ…  ¥…±…M…x…
∫…⁄I®… ∂…Ë¥……±… E‰Ú E÷ÚUÙ x…B  ¥…¶…‰n˘…Â EÚ…‰  ¥…±… M…i… EÚÆ˙E‰Ú EÚ…‰SS…“ E‰Ú
|…¶…¥… ∫…∆¥…v…«x… EÚ®…Æ‰˙ ®…Â +x…÷Æ˙ I…i…  EÚ™…… M…™……* <x…®…Â +…xb˜®……x…  x…EÚ…‰§……Æ˙
u˘“{… ∫…®…⁄Ω˛ ∫…‰ ∫…∆O… Ω˛i… C±……‰Æ˙…‰EÚ…‰CEÚ∫…, ∫…®…÷p˘“ ∫{……<Ø˚ ±…x……, EÚ“]ı…‰ ∫…Æ˙…‰∫…,
∫…®…÷p˘“ {…J…®…UÙ±…“ +…ËÆ˙ EÚ¥…S… ®…UÙ±…“ E‰Ú  b˜®¶… ∫…∆¥…v…«x… E‰Ú  ±…B V…“¥…∆i… J……t +x…÷∫…∆v……x…
6 ∫…®…÷p˘“ ®……Œi∫™…EÚ“ ∫…⁄S…x…… ∫…‰¥……, i… ¥…  ¥… +∆EÚ ∫…∆. 197, 2008
 S…j… - 13 §…b‰˜  ∫…®…‰x]ı ]ÈıEÚ…Â ®…Â {…… ±…i… EÚ…‰®§… V…‰±…“
x……x……‰C±……‰Æ˙…‰Œ{∫…∫…, ∫……<x…‰EÚ…‰EÚ…‰CEÚ∫…, +…x……§…“x……, EÚ…‰SS…“ ∫…‰ ∫…∆O… Ω˛i…
x……x……‰C±……‰Æ˙…‰Œ{∫…∫…, EÚ“]ı…‰ ∫…Æ˙…‰∫… +…ËÆ˙ EÚ…‰SS…“ E‰Ú {…∂S… V…±… I…‰j……Â ∫…‰
∫…∆O… Ω˛i… GÚ…<∫……‰°Ú…<]ı +…ËÆ˙ C±……‰Æ˙…‰EÚ…‰CEÚ∫… E‰Ú BEÚ BEÚ V…… i… ¶…“ ∂…… ®…±…
l…“  V…x…EÚ…‰ ∫…®…÷p˘“ ∫…∆{…÷π]ı ®……v™…®… ®…Â +∫…±…“ ∞¸{… ®…Â +x…÷Æ˙ I…i…  EÚ™……
M…™……*
∫…®…÷p˘“ ∂…Ë¥……±……Â EÚ… {…÷∆V… ∫…∆¥…v…«x… +…ËÆ˙ Àb˜¶…EÚ ∫…∆¥…v…«x… ®…Â <x…EÚ…
={…™……‰M…
∫l…⁄±… ∫…∆¥…v…«x… |…h…… ±…™……Â ®…Â EÚ…‰ ∂…EÚ… ∫……∆p˘i…… §…f¯…x…‰ +…ËÆ˙ ∫…∆¥…v…«x…
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{…Ω˛±…‰ |……h…“ +…Ω˛…Æ˙ x…Ω˛” ±…‰i…… l…… +…ËÆ˙ ®…∆n˘ M… i… E‰Ú ∫……l…  ∫…Æ˙ EÚ…‰ E÷ÚUÙ
]≈ı…{……Â E‰Ú  x…®……«h… E‰Ú  ±…B +…‰b˜…<, <«S…… +… n˘ {…‰b˜…Â EÚ“ ∂……J……B∆,
{……±… ®…Æ˙… E‰Ú ®…⁄±… {…ii…‰ +…ËÆ˙  ∫…xi…‰ ]ıEÚ {…n˘…l…« {……Ï±…“|……‰ {…±…“x…,  V…∫…EÚ…‰
""Æ˙∫∫…“'' EÚΩ˛i…… ΩË˛ +… n˘ EÚ… ={…™……‰M…  EÚ™…… V……i…… ΩË˛* ]≈ı…{……Â E‰Ú  x…®……«h… E‰Ú
 ±…B ""¥…™…Æ˙'' EÚ… ={…™……‰M… Ω˛…±… EÚ…  ¥…EÚ…∫… ΩË˛  V…∫…EÚ… ∫……v……Æ˙h…i…™……
{……ƒS… ¥…π……Á i…EÚ ={…™……‰M…  EÚ™…… V…… ∫…EÚi…… ΩË˛* +…‰b˜…<« {…‰b˜ (BE‰Ú ∫…™……
{±…… x…£Ú…‰x∫…) ∫…‰  x…Ã®…i… ]≈ı…{……Â EÚ… ={…™……‰M… BEÚ ∫……±… i…EÚ +…ËÆ˙ <«S…… {…‰b˜
∫…‰  x…Ã®…i… ]≈ı…{……Â EÚ… ={…™……‰M… 2 ®…Ω˛“x……Â i…EÚ Ω˛“  EÚ™…… V…… ∫…EÚi…… ΩË˛*
 x…®……«h… ±……M…i… +…ËÆ˙ |……{i… ®…UÙ ±…™……Â E‰Ú +…EÚ…Æ˙ +…ËÆ˙ ®……j…… E‰Ú +…v……Æ˙
{…Æ˙ ®…i∫™…x… n˘I…i…… E‰Ú ®…⁄±™……∆EÚx… E‰Ú §……n˘ <∫… I…‰j… E‰Ú ®…U÷ÙB +…‰b˜…< {…‰b˜
∫…‰  x…Ã®…i… ]≈ı…{……Â EÚ…‰ {…∫…xn˘ EÚÆ˙i…‰ ΩÈ˛*
]≈ı…{… ®…i∫™…x… ®…Â S……Æ˙… E‰Ú ∞¸{… ®…Â ÀS…M…]ı  ∫…Æ˙…Â EÚ… ={…™……‰M… ∫……v……Æ˙h…i…™……
 EÚ™…… V……i…… ΩË˛* "®…U÷Ù+…Æ˙…Â x…‰ ∫…⁄ S…i…  EÚ™……  EÚ V…‰±…“  °Ú∂… EÚ…‰ S……Æ˙… E‰Ú
∞¸{… ®…Â ={…™……‰M… EÚÆ˙x…‰ {…Æ˙ ∂……™…n˘ <∫…E‰Ú M…∆v… ∫…‰ +…EﬁÚπ]ı Ω˛…‰EÚÆ˙  ∫…M……x…∫…
V…… i…™……Â EÚ“ V™……n˘… {…EÚb˜ Ω÷˛<« l…“* S……Æ˙… Æ˙J…x…‰ E‰Ú §……n˘ ®…U÷ÙB BEÚ {…il…Æ˙
EÚ“ ∫…Ω˛…™…i…… ∫…‰ ]≈ı…{……Â EÚ…‰ +v…:∫i…Æ˙ ®…Â Æ˙J…i…‰ ΩÈ˛* 24 P…∆]ı…Â E‰Ú §……n˘ ®…U÷ÙB
{……x…“ ®…Â b⁄˜§…EÚÆ˙ {…EÚb˜  x…EÚ…±…i…“ ΩË˛ +…ËÆ˙ S……Æ˙… b˜…±…EÚÆ˙ ]≈ı…{……Â EÚ…‰  °ÚÆ˙
∫…‰ ®…i∫™…x… i…±… ®…Â Æ˙J…i…‰ ΩÈ˛* ]≈ı…{……Â E‰Ú n˘“P……«™…÷ E‰Ú  ±…B 10 ∫…‰ 12  n˘x……Â
E‰Ú +∆i…Æ˙…±… ®…Â ]≈ı…{……Â EÚ…‰ i…]ı {…Æ˙ ±……EÚÆ˙ ∫……°Ú EÚÆ˙E‰Ú BEÚ ™…… n˘…‰  n˘x……Â
i…EÚ v…⁄{… ®…Â ∫…÷J……EÚÆ˙  °ÚÆ˙ ∫…‰ ={…™……‰M… EÚÆ˙i…‰ ΩÈ˛*
+…V… Æ˙…®…‰∂¥…Æ˙®…, EÚ“±……EÚÆË˙, BÆ˙¥……b˜“ +…ËÆ˙ ®…∆b˜{…®… ®…Â ¶…“ ]≈ı…{…
®…i∫™…x…  EÚ™…… V……i…… ΩË˛ +…ËÆ˙ <x… ®…Â |…®…÷J… Æ˙…®…‰∂¥…Æ˙®… ΩË˛ V…Ω˛…ƒ ±…M…¶…M…
150 +…n˘®…“ ]≈ı…{… ®…i∫™…x… ®…Â ±…M…‰ Ω÷˛B ΩË˛ +…ËÆ˙ Ω˛Æ˙ +…n˘®…“ E‰Ú {……∫…
10-15 ]≈ı…{… ΩÈ˛*
9 S…j… - 1 b˜…‰x……§…‰±±…… Æ˙®°Ú“ EÚ… +∆b ®……±……
∫…®…÷p˘“ J…Æ˙M……‰∂… +…{±…“ ∫…™……, b˜…‰x……§…‰±±…… Æ˙®°Ú“ (E÷Ú ¥…Æ˙) EÚ… +…Ω˛…Æ˙  ¥…v……x… +…ËÆ˙ ∫…∆O…Ω˛h… +¥…∫l…… ®…Â +∆b˜V…x…x… +…ËÆ˙ {……±…x… {…Æ˙ {…Æ˙“I…h…
∫……Æ˙h…“ 1. ∫…®…÷p˘“ ∂…Ë¥……±……Â E‰Ú |…™……‰M… EÚÆ˙E‰Ú +∂…x… {…Æ˙“I…h… +…ËÆ˙ <∫… +¥… v… ®…Â <x…EÚ… % ={…¶……‰M…* +…Ë∫…i… %  ®…∏…h… {…ËÆ‰˙x…l…‰ ∫…∫… ®…Â  n˘™…… M…™…… ΩË˛*
∫…®…÷p˘“ ∂…Ë¥……±… +±¥…… Ω˛…<{…x…“™…… O…… ∫…±…‰ Æ˙™…… O…… ∫…±…‰ Æ˙™…… O…… ∫…±…‰ Æ˙™……
EÚ… |…EÚ…Æ˙ Æ‰˙ ]ıE÷Ú±……]ı… ®… ∫…°Ú…‰Ã®…∫… EÚ…‰Ã]ıEÚ…]ı…  ∫…±…EÚ…‰Ãx…™…… <b÷˜ ±…∫…
®™…⁄ ∫…°Ú…‰Ã®…∫… ¥……Æ˙. EÚ…‰Ã]ıEÚ…]ı…
+¥… v… 24/07/05 - 04/08/05 - 14/08/05 - 24/09/05- 04/10/05 -
03/08/05 13/08/05 23/08/05 03/10/05 13/10/05
]ÈıEÚ 1 36.41-93.76 55.28-94.48 10.29-37.49 15.23 - 38.4 33.41 -78.63
(49.76) (74.25) (20.46) (30.53) (52.43)
]ÈıEÚ 2 7.64-64.71 67.16-92.6 6.64 - 22.48 9.8-23.22 28.43-68.89
(38.62) (85.27) (18.79) (19.37) (66.22)
]ÈıEÚ 3 5.45-64.9 61.7-95.42 8.73-35.41 14.31-39.43 34.1-85.5
(29.86) (78.62) (28.27) (29.87) (65.37)
]ÈıEÚ 4 9.4-53.79 56.7- 87.43 11.2 - 33.3 7.82-27.59 34.82-66.19
(31.58) (68.42) (21.47) (18.42) (47.75)
 S…j… - 2 b˜…‰x……§…‰±±…… Æ˙®°Ú“ EÚ… +∆b˜ {…÷∆V…
 S…j… - 3 b˜…‰x……§…‰±±…… Æ˙®°Ú“ EÚ… +∆b
 ¥…∂…‰π… Æ˙“ i…™……Â ®…Â §……Æ˙ §……Æ˙  Ω˛±……i…‰ Ω÷˛B  n˘J……™…… {…b˜…* |……Æ∆˙¶… ®…Â E÷ÚUÙ
 ®…x…]ı E‰Ú  ±…B n˘…‰x……Â {……∂¥……Á ®…Â  ∫…Æ˙  Ω˛±……EÚÆ˙ Ø˚EÚ M…™……*  °ÚÆ˙, {……∂¥……Á ®…Â
 ∫…Æ˙  Ω˛±……i…‰ Ω÷˛B >{…Æ˙-x…“S…‰ EÚ… S……±…x… |…EÚ]ı EÚÆ˙…x…‰ ±…M…… +…ËÆ˙ V…Ëi…⁄x…“
+…{…“i… Ω˛ Æ˙i… Æ∆˙M… EÚ… +∆b˜ v……M…… |……h…“ E‰Ú {……n˘…Â E‰Ú {…∂S… ¶……M… ∫…‰ |…i™…I…
Ω˛…‰x…‰ ±…M…… V……‰ ]ÈıEÚ E‰Ú +v…&∫i…Æ˙ ®…Â ±…M…‰ Ω÷˛B  n˘J……™…… {…b˜…* ™…Ω˛ +∆b˜®……±……
|……™…: 0.5  ®… ®…“ ¥™……∫… EÚ… l…… ( S…j…-1)* BEÚ P…∆]‰ı §……n˘ ]ÈıEÚ E‰Ú
+v…&∫i…Æ˙ ®…Â BEÚ M…Ân˘ V…Ë∫…… ∞¸{…… ™…i… +∆b˜®……±……  n˘J……™…… {…b˜…* +∆b˜
|…V…EÚ Ω˛…‰x…‰ E‰Ú EÚ…Æ˙h… <x… +∆b˜…Â EÚ…‰  V…±…‰]ıx…“ {…÷∆V……Â ®…Â  x…I…‰{… EÚÆ˙i…‰ ΩË˛
( S…j…-2)* +∆b˜ ®……±…… E‰Ú ]÷ıEÚb˜…Â ®…Â {……™…‰ M…B +∆b˜…Â EÚ“ ∫…∆J™…… ∫…‰ E÷Ú±…
+∆b˜v……M…… E‰Ú ¶……Æ˙ EÚ… M…÷h…x… EÚÆ˙E‰Ú V…x…x…I…®…i…… +…EÚ ±…i… EÚ“ M…™…“
( S…j…-3)*
b˜“. Æ˙®°Ú“ EÚ“ +…EÚ ±…i… V…x…x…I…®…i…… 125,000 +∆b‰˜ l…“* +∆b˜V…x…x…
E‰Ú i…÷Æ∆˙i… §……n˘ |…V…x…EÚ…Â EÚ…‰ +…ËÆ˙ BEÚ ∫…®…EÚ…‰h…“™… ]ÈıEÚ ®…Â ∫l……x……∆i… Æ˙i…
10 ∫…®…÷p˘“ ®……Œi∫™…EÚ“ ∫…⁄S…x…… ∫…‰¥……, i… ¥…  ¥… +∆EÚ ∫…∆. 197, 2008
 S…j… - 6 b˜…‰x……§…‰±±…… Æ˙®°Ú“ EÚ… ¥…‰ ±…M…Æ˙  b˜®¶…EÚ
§……n  b®¶…EÚ §……ΩÆ  x…EÚ±……* x…B ∫°÷Ú ]i…  b®¶…EÚ EÚ“ EÚ¥…S… ±…∆§……<«
174 ± 2 µm l…“* ±…M…¶…M… 79% +∆b‰ ∫°÷Ú ]i… Ω…‰ M…B l…‰*
+∆b˜V…x…x… E‰Ú i…÷Æ∆˙i… §……n˘ ¥…‰±…“V…Æ˙  b˜®¶…EÚ…Â EÚ…‰ V…±… ®…Â ∫… GÚ™… ∞¸{…
∫…‰ >{…Æ˙ x…“S…‰ E‰Ú S……±…x… E‰Ú ∫……l… +…ËÆ˙ §…“S……Â §…“S… ={……∆M……Â E‰Ú ∫……l…  ∫…Æ˙
EÚ…‰ +∆n˘Æ˙ EÚ“ +…‰Æ˙ J…”S… EÚÆ˙ +…Æ˙…®… EÚÆ˙i…‰ Ω÷˛B n‰˘J…… M…™……* +SUÙ“ i…Æ˙Ω˛
 ¥…EÚ ∫…i… ]¬ı¥…<xb˜ EÚ¥…S…, |…SUÙn˘, {……n˘, i…Æ˙h… M…÷ `ˆEÚ… +…ËÆ˙ x…“±… ±……‰ Ω˛i…
Æ∆˙M… E‰Ú n˘…‰  §…xn÷˘ E‰Ú ∫……l…  b˜®¶…EÚ Ω˛±E‰Ú ¶…⁄Æ‰˙ Æ∆˙M… E‰Ú l…‰ ( S…j…-6)* <x…EÚ…‰
|… i…  ®… ±…“ 105 EÚ…‰ ∂…EÚ… EÚ“ n˘Æ˙ {…Æ˙ BEÚ EÚ…‰ ∂…EÚ“™… B±M…‰ +…<∫……‰GÚ…< ∫…∫…
M……±§……x…… ∫…‰  J…±……™……* 250 µm i…EÚ EÚ“ + v…EÚi…®… EÚ¥…S… ±…∆§……<« E‰Ú
∫……l… +…`ˆ  n˘x……Â i…EÚ  b˜®¶…EÚ V…“ ¥…i… Æ˙Ω‰˛* UÙ`ˆ¥……ƒ  n˘x… i…EÚ |… i…  n˘x…
10-11% ®…i™…«i…… n‰˘J…“ M…™…“ l…“* UÙ`ˆ¥……ƒ  n˘x… E‰Ú +∆i… i…EÚ 17.5%
(21,000  b˜®¶…EÚ) + i…V…“ ¥…i…i…… n‰˘J…“ M…™…“ +…ËÆ˙ {…I®……¶……Â E‰Ú +…GÚ®…h…
∫…‰ §……n˘ E‰Ú  n˘x……Â ®…Â ¶……Æ˙“ ®…i™…«i…… n‰˘J…“ M…™…“*
n⁄˘∫…Æ˙… +∆b˜V…x…x… {……±…x… E‰Ú S……Ël…‰  n˘x… EÚ…‰ n‰˘J…… M…™……* +∆b˜V…x…x…
EÚ… ∫…®…™… |……™…& |…l…®… +∆b˜V…x…x… E‰Ú V…Ë∫…… l……* +∆b˜…Â EÚ…‰ ¥…Ω˛“ ]ÈıEÚ ®…Â
∫°÷Ú ]ıi… Ω˛…‰x…‰ E‰Ú  ±…B Æ˙J…… M…™……* +…`ˆ¥……ƒ  n˘x… EÚ…‰ ∫°÷Ú]ıx… Ω÷˛+… +…ËÆ˙
 b˜®¶…EÚ 6  n˘x……Â i…EÚ V…“ ¥…i… Æ˙Ω‰˛* {……±…x… EÚ“ +¥… v… ®…Â  x…Æ∆˙i…Æ˙ ®…i™…«i……
n‰˘J…“ M…™…“* 6 ¥……ƒ  n˘x… E‰Ú +∆i… i…EÚ 17000  b˜®¶…EÚ…Â EÚ…‰ V…“ ¥…i… n‰˘J……
M…™…… +…ËÆ˙ +∆ i…®… n˘…‰  n˘x……Â ®…Â ¶……Æ˙“ ®…i™…«i…… n‰˘J…“ M…™…“*
i…“∫…Æ˙… +∆b˜V…x…x… 7 ¥……ƒ  n˘x… ]ÈıEÚ -2 ®…Â P… ]ıi… Ω÷˛+…* <∫… §…“S…
]ÈıEÚ-1 ®…Â BEÚ |……h…“ ®…Æ˙ M…™……* +∆b˜V…x…x… ∫…®…™… +…ËÆ˙  b˜®¶…EÚ {……±…x… EÚ“
+¥… v… ={…™…÷«Ci… V…Ë∫…… l…… +…ËÆ˙ 10% + i…V…“ ¥…i…i…… n‰˘J…“ M…™…“* <∫…E‰Ú
§……n˘ +∆b˜V…x…x… x…Ω˛” Ω÷˛+…*
={…™…÷«Ci…  x…Æ˙“I…h… ∫…‰ ™…Ω˛ ¥™…Ci… Ω÷˛+…  EÚ +…±{…“ ∫…™…… b˜“. Æ˙®°Ú“
E‰Ú  ±…B ∫…§…∫…‰ =ii…®… +…Ω˛…Æ˙ Ω˛<{…x…“™…… ®™…⁄ ∫…°Ú…‰Ã®…∫… ΩË˛  V…∫…EÚ“ |… i…∫l……{…x……
O…… ∫…±…‰ Æ˙™…… <b÷˜ ±…∫… ∫…‰ EÚ“ V…… ∫…EÚi…“ ΩË˛* ™…Ω˛ ¶…“ n‰˘J…… M…™……  EÚ
+ v…EÚ ∫…∆¶…Æ˙h… ∫…P…x…i…… E‰Ú ]ÈıEÚ ®…Â i…‰W… +∆b˜V…x…x… Ω˛…‰i…… ΩË˛*
<∫… ±…‰J… E‰Ú +…±……‰S…x……{…Æ˙EÚ +¥…±……‰EÚx… +…ËÆ˙ +…¥…∂™…EÚ ∫…÷v……Æ˙
∫…÷Z……x…‰ E‰Ú  ±…B ±…‰J…EÚ b˜…Ï. E‰Ú.B∫…. ®……‰Ω˛®®…n˘, +v™…I…, ®……‰±…∫EÚ ®……Œi∫™…EÚ“
|…¶……M… EÚ… +…¶……Æ˙“ ΩË˛*
 S…j… - 4 ∫…®…÷p˘“ J…Æ˙M……‰∂… E‰Ú +∆b˜ ®……±…… ®…Â +∆b‰˜
 S…j… - 5 +∆b˜ ®……±…… ®…Â ∫°÷Ú]ıx……¥…∫l…… |……{i… ß…⁄h…
 EÚ™…… M…™……* +∆b˜…Â E‰Ú ]ÈıEÚ EÚ…‰ ®…ﬁn÷˘ ¥……i…x… E‰Ú ∫……l… EÚ…±…‰ ∂…“]ı ∫…‰ +…∆ ∂…EÚ
∞¸{… ®…Â +…‰f¯  n˘™…… M…™……  EÚ ]ÈıEÚ ®…Â |…EÚ…∂… EÚ®… Ω˛…‰ V……B*  V…±…‰]ıx…“ {…Æ˙i…
∫…‰  x…Ã®…i… +∆b˜ ®……±…… 5-15 +∆b‰˜ ™…÷Ci… EÚ<« UÙ…‰]‰ı-UÙ…‰]‰ı ¶……M……Â ®…Â P…‰Æ˙…
Ω÷˛+… l…… ( S…j…-4)* >π®……™…x… E‰Ú ∫…®…™… +∆b˜ v……M…‰ EÚ… Æ∆˙M… V…i…⁄x…“
+…{…“i… Ω˛ Æ˙i… ∫…‰ Ω˛±EÚ… ¶…⁄Æ˙…-{…“i… §…x… M…™……* ∫……i…  n˘x……Â E‰Ú >π®……™…x… E‰Ú
11
EÚx……«]ıEÚ i…]ı E‰Ú {…∂S…V…±… I…‰j……Â ®…Â =M…x…‰ ¥……±…… ∫…®…÷p˘“P……∫… Ø˚ {…™…… ®…… Æ˙ ]ı®…… - ±…¥…h… ∫… Ω˛πh…÷ V…“x…
EÚ… BEÚ ∫…∆¶……¥™… ª……‰i…
EÚx……«]ıEÚ V…Ë¥… ¥… ¥…v…i…… §……‰b«˜ (EÚx……«]ıEÚ §…™……‰b˜…<¥…Ã∫…]ı“ §……‰b«˜) E‰Ú  ±…B
 n˘∫…∆§…Æ˙ 2005 ®…Â i…]ı“™… EÚx……«]ıEÚ E‰Ú ∫…®…÷p˘“ +…ËÆ˙ V¥……Æ˙x…n˘®…÷J…
V…Ë¥… ¥… ¥…v…i…… E‰Ú ∫…¥…ÊI…h… EÚÆ˙i…‰ ∫…®…™… E÷Úxb˜…{…÷Æ˙ (13.64306ºN &
74.6586ºE) +…ËÆ˙ ®…… ¥…x……Ω˛…‰±… (13.9833ºN & 74.5616ºE)
V¥……Æ˙x…n˘®…÷J… B¥…∆ n‰˘¥…M……b˜ u˘“{… (14.8225ºN & 74.0644ºE) E‰Ú
+∆i…Æ˙…V¥……Æ˙“™… I…‰j……Â ∫…‰ §…Ω÷˛i… {…i…±…… P……∫… V…… i…™……Â EÚ… J…⁄§… ∫…∆O…Ω˛h…  EÚ™……
M…™…… +…ËÆ˙ ∫……®……x™…i…: §…“EÚb¬˜ ]ı…∫∫…‰±… ¥…“b˜ x……®… ∫…‰ V……x…x…‰ ¥……±…“ <x…EÚ…‰
Ø˚ {…±…… ®…… Æ˙ ]ı®…… B±… {…Ω˛S……x…“ M…™…“*
<x… ±…¥…h…®…ﬁn˘…‰n¬˘ ¶…n˘ (Ω˛…±……‰°Ú…< ]ıEÚ) V…±…“™… ∂…Ë¥……±… Z……b˜“ {…∆EÚ…
V…Ë∫…“  x…®…VV…EÚ {……Ëv…‰ ΩÈ˛  V…x…EÚ…‰ P……∫… V…Ë∫…… {…i…±…‰ {…ii…‰ Ω˛…‰i…‰ ΩÈ˛* <x…E‰Ú
{…ii…‰ §…Ω÷˛i… Ω˛“ {…i…±…… +…ËÆ˙ BEÚ  ®… ®…“ ∫…‰ ¶…“ EÚ®… S……Ëb˜…< E‰Ú Ω˛…‰i…‰ ΩË˛*
®…⁄±… +x…÷{…h…‘ +…SUÙ…n˘…Â ∫…‰ ∫]‰ı®… ∫…‰ +SUÙ… n˘i… Ω˛…‰i…… ΩË˛* ∫]‰ı®… 25-30
∫…‰ ®…“ ®…Â ∂…… J…i… B¥…∆ BEÚ  ®… ®…“ ∫…‰ EÚ®… S……Ëb˜…<« EÚ… Ω˛…‰i…… ΩË˛* <x…E‰Ú ®…⁄±…
{…“. EÚ±……v…Æ˙x… +…ËÆ˙ {…“.™…⁄. W…CEÚ Æ˙™……
EÂÚp˘“™… ∫…®…÷p˘“ ®……Œi∫™…EÚ“ +x…÷∫…∆v……x… ∫…∆∫l……x… EÚ…  ¥…∂……J…{…]¬ı]ıx…®… I…‰j…“™… EÂÚp˘ +…ËÆ˙ EÂÚp˘“™… ∫…®…÷p˘“ ®……Œi∫™…EÚ“ +x…÷∫…∆v……x… ∫…∆∫l……x… EÚ… ]⁄ı ]ıEÚ…‰ Æ˙x… +x…÷∫…∆v……x… EÂÚp
{…i…±…… I…Ë i…V… Æ˙…<W……‰®∫… E‰Ú ∫……l… x……‰b¬˜∫… ∫…‰ =i{…z… Ω˛…‰i…‰ Ω÷˛B  n˘J……B {…b˜i…‰
l…‰* ∫…∆O…Ω˛h… EÚÆ˙i…‰ ∫…®…™… °⁄Ú±… ™…… °Ú±… x…Ω˛” l…‰* §…±…⁄<« +v…&∫i…Æ˙ ®…Â <x…
{……Ëv……Â EÚ…‰ 18-28 {…“ {…“ ]ı“ ±…¥…h…i…… ®…Â  x…®…ŒVV…i… Æ˙J……* <∫… P……∫… E‰Ú
∫……l… Ω˛…<{… x…™…… ®™…⁄ ∫…°Ú…‰Ã®…∫…, O…… ∫…±…‰ Æ˙™……‰Œ{∫…∫… V…… i…™……ƒ +…ËÆ˙ +±¥……
Æ‰˙  ]ıE÷Ú±…‰]ı… V…Ë∫…‰ ∫…®…÷p˘“ ∂……Ë¥……±……Â EÚ…‰ ¶…“ n‰˘J…… M…™…… l……* Ø˚ {…™…… ®…… Æ˙ ]ı®……
C±……∫…: + ±…∫…®…… ]ıb‰˜; +…Ïb«˜Æ˙: x……V……b‰˜±∫… +…ËÆ˙ E÷Ú±…: Ø˚ {…™…‰ ∫…B EÚ…
∫…n˘∫™… ΩË˛*
™…Ω˛ P……∫… BEÚ +SUÙ… §……±…⁄ §…∆v…EÚ ΩË˛, <∫… ±…B i…]ı“™… +{…Æ˙n˘x…
Æ˙…‰EÚx…‰ ®…Â ∫…I…®… ΩË˛* V…±…{…I…“ u˘…Æ˙… <∫…E‰Ú §…“V… +…ËÆ˙ +x™… ¶……M……Â EÚ…‰
J……™…… V……i…… ΩË˛* EÚx……«]ıEÚ E‰Ú + i… Æ˙Ci… E‰Ú¥…±… i… ®…±…x……b÷˜ i…]ı ∫…‰ Ω˛“
<∫…EÚ“ ={…Œ∫l… i…  Æ˙{……‰]«ı EÚ“ M…™…“ ΩË˛* <∫… ∫…®…÷p˘“P……∫… ∫…‰ ±…¥…h… ∫… Ω˛πh…÷
V…“x……Â EÚ…‰ S……¥…±… +…ËÆ˙ {…÷±…“ Z…”M…… E‰Ú J…‰i……Â ®…Â ±…¥…h… ∫… Ω˛πh…÷  ¥…¶…‰n˘EÚ…Â
EÚ…‰ §…f¯…x…‰ E‰Ú  ±…B ={…™……‰M…  EÚ™…… V…… ∫…EÚi…… ΩË˛*
EÚx……«]ıEÚ i…]ı E‰Ú {…∂S…V…±… I…‰j……Â ®…Â =M…x…‰ ¥……±…… ∫…®…÷p˘“P……∫… Ø˚ {…™…… ®…… Æ˙ ]ı®…… - ±…¥…h… ∫… Ω˛πh…÷ V…“x… EÚ… BEÚ ∫…∆¶……¥™… ª……‰i…
¶……Æ˙i… E‰Ú n˘ I…h…{…⁄¥…‘ i…]ı ®…Â {……EÚ EÚ“ J……b˜“ ®…Â n‰˘¥…“{…Œ]¬ı]ıx…®… +…ËÆ˙ ®……z……Æ˙ EÚ“ J……b˜“ ®…Â EÚ“±……EÚÆË˙ ®…Â
Œ∫C¥…b˜ +…ËÆ˙ EÚ]ı±… °Ú∂… (∫…÷°‰Úx…EÚ) E‰Ú  ±…B Ω˛∫i…  V…M…x… ®……Œi∫™…EÚ“
n‰˘ ¥…“{…Œ]¬ı]ıx…®… +…ËÆ˙ EÚ“±……EÚÆË˙ ®…Â Œ∫C¥…b˜ +…ËÆ˙ EÚ]ı±… ®…UÙ ±…™……Â E‰Ú
 ±…B l…‰®……ÊEÚ…‰±… {±…¥… ∫…‰ |…S…… ±…i… Ω˛∫i…  V…M…x… ®…Â i…“x… |…®…÷J… ¶……M…
Ω˛…‰i…‰ ΩÈ˛: V……{……x…  x…Ã®…i…  V…M… (1-2 {…∆ŒCi… ®…Â EÚ…ƒ]ı…B∆ S……Æ˙… E‰Ú ∫……l…),
¶……Æ˙ ±…M……B M…B, +…ËÆ˙ 7-14 ®…“ EÚ“ ±…∆§…“ b˜…‰Æ˙ ∫…‰ §……∆v…… Ω÷˛+…* V……{……x…
 x…Ã®…i…  V…M… E‰Ú §…x……¥…]ı EÚ…  ¥…¥…Æ˙h… <∫…E‰Ú {…Ω˛±…‰ ¶…“  n˘™…… M…™…… ΩË˛
(∫….®…….∫…⁄ ∫…‰., i…. ¥….  ¥… +∆EÚ…¥…±…“ 137, 1995)* <∫…E‰Ú  x…®……«h… +…ËÆ˙
l…‰®……ÊEÚ…Ï±… {±…¥… E‰Ú |…S……±…x… {…Æ˙  ¥…¥…Æ˙h… {…Ω˛±…‰ Ω˛“ ={…±…§v… ΩË˛ (∫….®…….∫…⁄.∫…‰
¥…“. ¥…ÂEÚ]‰ı∂…x… +…ËÆ˙ B. π…h®…÷J…¥…‰±…
EÂÚp˘“™… ∫…®…÷p˘“ ®……Œi∫™…EÚ“ +x…÷∫…∆v……x… ∫…∆∫l……x… EÚ… ®…∆b˜{…®… I…‰j…“™… EÂÚp˘, ®…∆b˜{…®… EËÚ®{…
i….¥…. ¥… +∆EÚ…¥…±…“, 191, 2007)*
 n˘x… E‰Ú ∫…®…™… +…ËÆ˙ EÚ¶…“ EÚ¶…“ {…⁄Ãh…®…… E‰Ú Æ˙…i……Â ®…Â |…S…… ±…i… Ω˛∫i…
 V…M… n‰˘¥…“{…Œ]¬ı]ıx…®… +…ËÆ˙ EÚ“±……EÚÆË˙ E‰Ú i…]ı ®…Â Œ∫C¥…b˜ +…ËÆ˙ EÚ]ı±… °Ú∂… E‰Ú
 ±…B |…™…÷Ci… |…®…÷J… ∫…∆¶……Æ˙ ΩË˛* n‰˘¥…“{…Œ]¬ı]ıx…®… ∫…‰ <∫… ∫…∆¶……Æ˙ E‰Ú ∫……l…
l…‰®……ÊEÚ…‰±… {±…¥… EÚ… |…S……±…x… EÚÆ˙x…‰¥……±…‰ ±…M…¶…M… 100 ®……‰]ı…‰ Æ˙EﬁÚi… x……¥…
+…ËÆ˙ EÚ“±……EÚÆË˙ ∫…‰ 6-9 l…‰®……ÊEÚ…‰±… {±…¥……Â E‰Ú ∫……l… ±…M…¶…M… 60 x……¥…
®…i∫™…x… E‰Ú  ±…B V……i…“ ΩÈ˛*
12 ∫…®…÷p˘“ ®……Œi∫™…EÚ“ ∫…⁄S…x…… ∫…‰¥……, i… ¥…  ¥… +∆EÚ ∫…∆. 197, 2008
 S…j… 1. {…Æ˙V…“¥…“ EÚ…Ï{…“{……‰b˜ EÚ… ±…M…∫… ∫…‰ +…SUÙ… n˘i… ®…ﬁi… ®…UÙ ±…™……Â E‰Ú §…“S…
V…“¥…∆i… ®…UÙ±…“  S…j… 2. EÚ… ±…M…∫… V…“x… EÚ“ {…Æ˙V…“¥…“ EÚ…Ï{…“{……‰b˜
v…x…÷πEÚ…‰]ı“ i…]ı {…Æ˙ §…Ω÷˛∫…∆J™…EÚ  ]≈ıM…Æ˙  °Ú∂… +…‰b˜…‰x…∫… x……<M…Æ˙ (∞¸{…‰±…) EÚ“ ®…i™…«i……
v…x…÷πEÚ…‰]ı“ S…‰EÚ {……‰∫]ı ∫…‰ + Æ˙S…÷®…÷x…<« i…EÚ 4  EÚ ®…“  ¥…∫i…ﬁi… i…]ı“™…
I…‰j… ®…Â 2007 +Ci…⁄§…Æ˙ 3 ¥…” +…ËÆ˙ 4 ¥…” i……Æ˙“J……Â EÚ…‰ EÚ<« +…‰b˜…‰x…∫…
x……<M…Æ˙ (∫l……x…“™… x……®… EÚÆ˙{{…÷C±……i…“) ®…UÙ ±…™……Â EÚ…‰ i…]ı {…Æ˙ ®…ﬁi… +¥…∫l……
®…Â n‰˘J…“ M…™…“* <∫… I…‰j… ®…Â |…i™…‰EÚ 15 ®…“]ıÆ˙…Â E‰Ú §…“S… +…Ë∫…i…x… 60
®…UÙ ±…™……Â EÚ…‰ <∫… +¥…∫l…… ®…Â n‰˘J…“ M…™…“ l…“* ®…Æ˙ M…<« ®…UÙ ±…™……Â EÚ“
 §…xn÷˘ ∫…÷±……‰S…x…x…, ¥…“. ¥…ÂEÚ]‰ı∂…x…, Bx…. Æ˙…®…®…⁄i…‘ +…ËÆ˙ B. M……∆v…“
EÂÚp˘“™… ∫…®…÷p˘“ ®……Œi∫™…EÚ“ +x…÷∫…∆v……x… ∫…∆∫l……x… EÚ… ®…∆b˜{…®… I…‰j…“™… EÂÚp˘, ®…∆b˜{…®… EËÚ®{…
+…EÚ ±…i… E÷Ú±… ∫…∆J™…… 16000 l…”* E÷ÚUÙ ®…UÙ ±…™……ƒ +v…« ®…Æ˙“ +¥…∫l……
®…Â i…Æ∆˙M……Â ®…Â {…b˜ EÚÆ˙ +…i…“ Ω÷˛<« n‰˘J…“ M…™…“ ( S…j…-1)* V…“¥…∆i… ®…UÙ ±…™……Â
EÚ…‰ EÚÆ˙“§… ∫…‰  x…Æ˙“I…h… EÚÆ˙x…‰ {…Æ˙ i¥…S…… +…ËÆ˙ C±……‰®… {…Æ˙V…“ ¥…™……Â ∫…‰
+…SUÙ… n˘i… n‰˘J…… M…™……* <x…®…Â GÚ∫]‰ı ∂…™……<« {…Æ˙V…“ ¥…™……Â EÚ…‰ EÚ… ±…M…∫… V…“x…
®…Â +…x…‰¥……±…… {…Æ˙V…“¥…“ EÚ…Ï{…“{……‰b˜ {…Ω˛S……x…… M…™……* <∫… I…‰j… E‰Ú V…±… EÚ…
EÚ]ı±… °Ú∂… {…EÚb˜ ®…Â |…®…÷J…i…: n˘…‰ V…… i…™……ƒ ∫…‰ {…™…… BC™…÷±…‰]ı… +…ËÆ˙
B∫…. °Ú…Æ˙…‰ x…∫… ∫…®…… ¥…π]ı l…” i……‰ Œ∫C¥…b˜ EÚ“ {…EÚb˜ ®…Â E‰Ú¥…±… ∫…‰ {…±……‰]ı¨ ⁄ l…∫…
±…‰∫∫……‰ x…™……x…… ={…Œ∫l…i… l…“* n‰˘¥…“{…Œ]¬ı]ıx…®… ®…Â ¥…π…« 2006 ®…Â E÷Ú±… ∂…“π…«{……n˘
=i{……n˘x… 584 ]ıx… l……*  x…Æ˙“I…h… EÚ“ +¥… v… ®…Â |… i… BEÚEÚ |…™……∫… {…EÚb˜
16  EÚ O…… E‰Ú +…Ë∫…i… E‰Ú ∫……l… 8 ∫…‰ 195  EÚ O…… E‰Ú ÆÈ˙S… ®…Â l…“* {…EÚb˜
®…Â Œ∫C¥…b˜ EÚ…  Ω˛∫∫…… 54% +…ËÆ˙ EÚ]ı±… °Ú∂… EÚ… 46% l……* + v…EÚi…®…
{…EÚb˜ ®……S…« +…ËÆ˙ V…⁄x… ®…Â |……{i… Ω÷˛<« l…“* B∫…. BC™…÷±…‰]ı…, B∫…. °Ú…Æ˙…‰ x…∫…
+…ËÆ˙ B∫…. ±…‰∫∫……‰ x…™……x…… x…Æ˙ E‰Ú +…EÚ…Æ˙ ÆÈ˙S… GÚ®…∂…: 50-140  ®… ®…“,
60-220  ®… ®…“ +…ËÆ˙ 40-290  ®… ®…“ (b˜“ B®… B±…) l…‰ i……‰ ®……n˘…+…Â E‰Ú
GÚ®…∂…: 50-150  ®… ®…“, 60-259  ®… ®…“ +…ËÆ˙ 92-240  ®… ®…“ (b˜“
B®… B±…) E‰Ú ÆÈ˙S… ®…Â l…‰* EÚ]ı±… °Ú∂… ®…Â B∫…. °Ú…Æ˙…‰ x…∫… |…®…÷J… (77.3%)
l…“*
EÚ“±……EÚÆË˙ ®…Â ¥…π…« 2006 ®…Â E÷Ú±… ∂…“π…«{……n˘ =i{……n˘x… |… i… BEÚEÚ
|…™……∫… {…EÚb˜ 10  EÚ O…… E‰Ú +…EÚ ±…i… +…Ë∫…i… E‰Ú ∫……l… 229.9 ]ıx… l……*
V…⁄x…-V…÷±……<« E‰Ú n˘…ËÆ˙…x… + v…EÚi…®… {…EÚb˜ EÚ… +¥…i…Æ˙h… n‰˘J…… M…™……* {…EÚb˜
®…Â EÚ]ı±… °Ú∂… +…ËÆ˙ Œ∫C¥…b˜ u˘…Æ˙… ™……‰M…n˘…x… GÚ®…∂…: 29.2% +…ËÆ˙ 70.8%
l…‰* ∂…“π…«{……n˘…Â ®…Â B∫…. ±…‰∫∫……‰ x…™……x…… EÚ“ |…®…÷J…i…… (70.79%) n‰˘J…“
M…™…“ +…ËÆ˙ +x™… l…“ B∫…. °Ú…Æ˙…‰ x…∫… (17.71%)* EÚ]ı±… °Ú∂… ®…Â B∫….
°Ú…Æ˙…‰ x…∫… |…®…÷J… (60.63%) l…“*
Œ∫C¥…b˜ +…ËÆ˙ EÚ]ı±… °Ú∂… E‰Ú  ±…B Ω˛∫i…  V…M…x… <x… n˘…‰x……Â EÂÚp˘…Â ®…Â
|…®…÷J…i…… |……{i… EÚÆ˙ Æ˙Ω˛“ ΩË˛* <∫… ∫…∆¶……Æ˙ E‰Ú {…EÚb˜ Z…÷EÚ…¥… {…Æ˙ +…M…‰
 x…Æ˙“I…h…  EÚ™…… V……x…… + x…¥……™…« ΩË˛*
13
x™…⁄°‰ÚÆ˙“ ¥……°«Ú, ®…÷∆§…<« ®…Â {……®{…∫…  S…x…‰x… ∫…∫… (™…⁄£Ú…∫…‰x…, 1788) EÚ“ =SS… {…EÚb˜ EÚ… +¥…i…Æ˙h…
{……‰®£‰Ú]¬ı∫… §…Ω÷˛i… Ω˛“ ∫¥…… n˘π]ı ∫…®…÷p˘“ J……t ΩË˛ +…ËÆ˙ ®…Ω˛…Æ˙…π]≈ı ®…Â <∫…EÚ…
=SS… §……W……Æ˙ ®…⁄±™… ΩË˛* x™…⁄ °‰ÚÆ˙“ ¥……°«Ú ®…Â 20-10-07 EÚ…‰ +…x……™…EÚ…Â
u˘…Æ˙… ""S…Ëx…“∫… {……‰®£‰Ú]ı'' x……®… ∫…‰ ®…∂…Ω⁄˛Æ˙ {……®{…∫…  S…x…‰x… ∫…∫… EÚ“ =SS…
{…EÚb˜ ({±…‰]ı-1) EÚ… +¥…i…Æ˙h…  EÚ™…… M…™……* ®…i∫™…x… i…±… =ii…Æ˙ {…Œ∂S…®…
 n˘∂…… EÚ“ +…‰Æ˙ 30-40 ®…“ EÚ“ M…Ω˛Æ˙…<« ®…Â l……* i…“x… +…x……™…EÚ…Â x…‰ ±…M…¶…M…
1.61 ]ıx… S…Ëx…“∫… {……‰®£‰Ú]ı EÚ… +¥…i…Æ˙h…  EÚ™…… +…ËÆ˙ <∫… {…EÚb˜ ∫…‰ |……{i…
+…™… ±…M…¶…M… 3,87,200/- Ø˚ l……*
E÷Ú±… 57 x…®…⁄x……Â EÚ… ®……{…x…  EÚ™…… M…™…… +…ËÆ˙ °Ú…‰E«Ú ±…∆§……<« 270-
279  ®… ®…“ E‰Ú ®……v™… E‰Ú ∫……l… 218 ∫…‰ 369  ®… ®…“ E‰Ú ÆÈ˙S… ®…Â l…“
`ˆ…E÷ÚÆ˙ n˘…∫…, ∫…÷V…“i… ∫…÷xn˘Æ˙®…, ∫…“.V…‰. V……‰∫…E÷Ú]¬ı]ı“ +…ËÆ˙ §…“.§…“. S…¥……x…
EÂÚp˘“™… ∫…®…÷p˘“ ®……Œi∫™…EÚ“ +x…÷∫…∆v……x… ∫…∆∫l……x… EÚ… ®…÷∆§…<« +x…÷∫…∆v……x… EÂÚp˘, ®…÷∆§…<«
 ¥…∂±…‰π…h… EÚÆ˙x…‰ {…Æ˙ {…“ BS… 8.21,  ¥…±…“x… +…ÏŒC∫…V…x… 4.91  ®… ±…“/
±…“, ±…¥…h…i…… 34.9 {…“ {…“ ]ı“, C±……‰Æ˙…‰ °Ú±… 0.442 mg/m3 +…ËÆ˙
+®……‰ h…™…… +…¥…∂™…EÚ ∫i…Æ˙ ∫…‰ EÚ®… ∫i…Æ˙ {…Æ˙ n‰˘J…… M…™……* <∫… I…‰j… ®…Â
∂…Ë¥……±… |…∫°÷Ú]ıx… x…Ω˛” n‰˘J…… M…™…… l……* ®…UÙ ±…™……Â EÚ“ V…x…x…O…∆l…“ +|……Ëf¯…¥…∫l……
®…Â l…”* +…‰. x……<M…Æ˙ 600  ®… ®…“ i…EÚ EÚ“ ±…∆§……<« |……{i… EÚÆ˙x…‰ ¥……±…“ ΩË˛,
±…‰ EÚx… ®…ﬁi… {……™…“ M…™…“ ®…UÙ ±…™……Â EÚ… ±…∆§……<« ÆÈ˙S… 80-100  ®… ®…“ l……*
∫……v……Æ˙h…i…™…… Æ˙…®…‰∂¥…Æ˙®… +…ËÆ˙ {……®§…x… ®…Â |…S…… ±…i… +…x……™…EÚ…Â ®…Â ={…
{…EÚb˜ E‰Ú ∞¸{… ®…Â ™…‰ ®…UÙ ±…™……ƒ |……{i… Ω˛…‰i…“ ΩË˛* EÚ®… ¥…… h…ŒV™…EÚ ®…⁄±™… E‰Ú
Ω˛…‰x…‰ E‰Ú EÚ…Æ˙h… ®…U÷Ù+…Æ˙…Â u˘…Æ˙… =x…EÚ…‰ °ÂÚEÚ  n˘™…… Ω˛…‰M……* v…x…÷πEÚ…‰]ı“ ®…Â i…]ı
EÚ“ +…‰Æ˙ =SS… i…Æ∆˙M… ®…Â {…b˜EÚÆ˙ ¥……{…∫… |…¥……±… I…‰j… ®…Â V…… x…Ω˛” {……x…‰ E‰Ú
EÚ…Æ˙h… ™…Ω˛ +¥…∫l…… Ω÷˛<« Ω˛…‰M…“*






+…EÚ…Æ˙ ¥…M…« ( ®… ®…“)
( S…j…-1)* x™…⁄ °‰ÚÆ˙“ ¥……°«Ú ®…Â S…Ëx…“∫… {……‰®£‰Ú]ı EÚ… ∏…‰h…“EÚÆ˙h… +…ËÆ˙ ®…⁄±™…
∫……Æ˙h…“ - 1 ®…Â  n˘™…… M…™…… ΩË˛*
S…“x…“ {……‰®£‰Ú]ı…Â EÚ…‰ ®…÷∆§…<« E‰Ú ∂…‰±°Ú V…±…I…‰j… ®…Â +…ËÆ˙ EÚS… EÚ“ J……b˜“
®…Â 80 ®…“ EÚ“ M…Ω˛Æ˙…<« ®…Â n‰˘J…… V……i…… ΩË˛* <∫…EÚ“ |…S…÷Æ˙i…… ¥…π……« ¥…π…« §…n˘±…i…“
Æ˙Ω˛i…“ ΩË˛ +…ËÆ˙ <∫… |…EÚ…Æ˙ EÚ“ ¶……Æ˙“ {…EÚb˜ ∫……v……Æ˙h… x…Ω˛” ΩË˛, +i…&
|……Ëf¯ x…®…⁄x……Â EÚ“ <∫… |…EÚ…Æ˙ EÚ“ +|…i™…… ∂…i… {…EÚb˜ EÚ“ ™…Ω˛ |…l…®…  Æ˙{……‰]«ı
ΩË˛*
 S…j… - 2 x™…⁄ °‰ÚÆ˙“ ¥……°«Ú ®…Â S…“x…“ {……®£‰Ú]ı EÚ… ¶……Æ˙“ +¥…i…Æ˙h…
∫……Æ˙h…“ - 1 x™…⁄ °‰ÚÆ˙“ ¥……°«Ú ®…Â S…“x…“ {……‰®£‰Ú]ı EÚ… ∏…‰h…“EÚÆ˙h… +…ËÆ˙ ®…⁄±™…
{……‰®£‰Ú]ı EÚ… ∏…‰h…“ |… i…  EÚ O……
¶……Æ˙ (O……) ®…⁄±™… (Ø˚.)
500 E‰Ú >{…Æ˙ x…∆§…Æ˙ 1 317
400 - 499 x…∆§…Æ˙ 2 267
300 - 399 x…∆§…Æ˙ 3 142
v…x…÷πEÚ…‰]ı“ i…]ı {…Æ˙ §…Ω÷˛∫…∆J™…EÚ  ]≈ıM…Æ˙  °Ú∂… +…‰b˜…‰x…∫… x……<M…Æ˙ (∞¸{…‰±…) EÚ“ ®…i™…«i……
14 ∫…®…÷p˘“ ®……Œi∫™…EÚ“ ∫…⁄S…x…… ∫…‰¥……, i… ¥…  ¥… +∆EÚ ∫…∆. 197, 2008
B {…x…‰°‰Ú±…∫… b˜™……EÚ…xl…∫… ®…Â ®……∆∫……§…÷«n˘
∫…®…÷p˘“ ®…UÙ ±…™……Â ®…Â +§…÷«n˘ §…Ω÷˛i…  ¥…Æ˙±… Ω˛“ n‰˘J…… V……i…… ΩË˛, ±…‰ EÚx…
x™…⁄°‰ÚÆ˙“ ¥……°«Ú ®…Â 20-10-06 EÚ…‰ +¥…i…Æ˙h…  EÚB M…B B {…x…‰°‰Ú±…∫…
§…“.§…“. S…¥……x…, ∫…÷V…“i… ∫…÷xn˘Æ˙®… +…ËÆ˙ §…“.Bx…. EÚ…]¬ıEÚÆ˙
EÂÚp˘“™… ∫…®…÷p˘“ ®……Œi∫™…EÚ“ +x…÷∫…∆v……x… ∫…∆∫l……x… EÚ… ®…÷∆§…<« +x…÷∫…∆v……x… EÂÚp˘, ®…÷∆§…<«
b˜™……EÚ…xl…∫… E‰Ú BEÚ x…Æ˙ x…®…⁄x…‰ ®…Â Bxb˜…‰-]ı ⁄¨®…Æ˙ (∂…Æ˙“Æ˙ E‰Ú +…∆i…Æ˙“ ¶……M…
®…Â) n‰˘J…… M…™……*
{±…‰]ı - 1 B {…x…‰°‰Ú±…∫… b˜™……EÚ…xl…∫… E‰Ú +∆n˘Æ˙  n˘J……™…… {…b˜… ]ı ⁄¨®…Æ˙ {±…‰]ı - 2  <«. b˜™……EÚ…xl…∫… ®…Â  n˘J……™…… {…b˜… ]ı ⁄¨®…Æ˙ EÚ… ∫…⁄I®… o˘∂™…
Ω˛…±… ®…Â =n¬˘P……]ıx…  EÚB M…B M……∆M…÷±…“ "UÙ…‰]ı“ ®……Œi∫™…EÚ“ {……‰i……∏…™…' {…Æ˙ ∫…∆ I…{i…  ¥… ¥…Æ˙h…
M……∆M…÷±…“ =ii…Æ˙ EËÚx…Æ˙… i…]ı EÚ… BEÚ |…®…÷J… ™…∆j…“EﬁÚi… ®…UÙ±…“ +¥…i…Æ˙h…
EÂÚp˘ ΩË˛* =ii…Æ˙ EËÚx…Æ˙…  V…±…… EÚ“ {……‰i……∏…™… ∫…÷ ¥…v…… +…ËÆ˙ ®…UÙ±…“
=i{……n˘x… ®…Â |…M… i… ±……x…‰ E‰Ú  ±…B BEÚ "UÙ…‰]ı“ ®……Œi∫™…EÚ“ {……‰i……∏…™…' EÚ…
Ω˛…±… ®…Â  x…®……«h…  EÚ™…… M…™……* ™…Ω˛ UÙ…‰]ı“ ®……Œi∫™…EÚ“ {……‰i……∏…™…,  V…∫…EÚ…
 x…®……«h…  {…UÙ±…‰ {……ƒS… ¥…π……Á ∫…‰ Ω˛…‰ Æ˙Ω˛… l……, EÚ… =n¬˘P……]ıx… EÚx……«]ıEÚ Æ˙…V™… E‰Ú
®……x…x…“™… ®……Œi∫™…EÚ“ ®…∆j…“ u˘…Æ˙…  n˘x……∆EÚ 24-8-07 EÚ…‰ ∫…∆{…z… Ω˛…‰ M…™……*
®……Œi∫™…EÚ“ {……‰i……∏…™… EÚ… E÷ÚUÙ  ¥…¥…Æ˙h… x…“S…‰ |…∫i…÷i… ΩË˛:
 x…®……«h… EÚ…™…« |……Æ∆˙¶… EÚÆ˙x…‰ EÚ“ i……Æ˙“J… : 18-03-2002
 x…®……«h… EÚ…™…« {…⁄Æ˙… Ω˛…‰x…‰ EÚ“ i……Æ˙“J… : 24-08-2007
V…‰]ı“ EÚ“ ±…∆§……<« : 403 ®…“.
±…∆M…Æ˙ I…®…i…… : 500
B.{…“.  n˘x…‰∂…§……§…÷ +…ËÆ˙ M…h…‰∂… ¶…]¬ıEÚ±…,
EÂÚp˘“™… ∫…®…÷p˘“ ®……Œi∫™…EÚ“ +x…÷∫…∆v……x… ∫…∆∫l……x… EÚ… ®……ƒM…±…⁄Æ˙ +x…÷∫…∆v……x… EÂÚp˘, ®……ƒM…±…⁄Æ˙
Ω˛…±… ®…Â  x…Ã®…i… M……∆M…÷±…“ "UÙ…‰]ı“ ®……Œi∫™…EÚ“ {……‰i……∏…™…' EÚ… BEÚ o˘∂™…
 x…®……«h… EÚ“ ±……M…i… : 832 EÚÆ˙…‰b˜
 x…®……«h… :  V…™……‰]‰ıEÚ EÚx…∫]≈ıC∂…x…
E∆Ú{…x…“, EÚ…‰S…“x…
15
∫…“ x…™…{{…… n÷˘M…«, ®……z……Æ˙ EÚ“ J……b˜“ ®…Â BEÚ Ω˛®{…§…ËEÚ b˜…‰Œ±°Úx… EÚ… v…∆∫…x…
®……xx……Æ˙ EÚ“ J……b˜“ {…Æ˙ ∫…“ x…™…{{…… n⁄˘M…« ®…Â 22-10-2007 EÚ…‰ BEÚ ®…ﬁi…
b˜…‰Œ±°Úx… EÚ…‰ i…]ı {…Æ˙ n‰˘J…… M…™……* §……Ω˛Æ˙“ + ¶…±…I…h……Â,  ¥…∂…‰π…EÚÆ˙
n˘…∆i……Â EÚ“ ∫…∆J™…… E‰Ú +…v……Æ˙ {…Æ˙ <∫…EÚ…‰ Ω˛®{…§…ËEÚ b˜…‰Œ±°Úx… ∫…⁄∫……  S…x…‰x… ∫…∫…
{…Ω˛S……x…… M…™……* ™…Ω˛ 228 ∫…‰ ®…“ EÚ“ ±…∆§……<« +…ËÆ˙ 100  EÚ O…… ¶……Æ˙ EÚ“
BEÚ ®……n˘… x…®…⁄x…… l…“* <∫…E‰Ú +v…Æ˙“™… ¶……M… ®…Â x……¥… E‰Ú |……‰{…‰±±…Æ˙ ∫…‰ P… ]ıi…
V…Ë∫…… BEÚ M…Ω˛Æ˙“ S……‰]ı l…“*
¥…“. ¥…ÂEÚ]‰ı∂…x… +…ËÆ˙ Bx…. Æ˙…®…®…⁄i…‘
EÂÚp˘“™… ∫…®…÷p˘“ ®……Œi∫™…EÚ“ +x…÷∫…∆v……x… ∫…∆∫l……x… EÚ… ®…∆b˜{…®… I…‰j…“™… EÂÚp˘, ®…∆b˜{…®… EËÚ®{…
∫……Æ˙h…“ - ∫…“ x…™…{{…… n÷˘M…« ®…Â i…]ı {…Æ˙ n‰˘J…“ M…™…“ ∫…⁄∫……  S…x…‰x… ∫…∫… (+…‰∫…§…‰EÚ) EÚ…
∂……Æ˙“ Æ˙EÚ ®……{…x… (∫…‰ ®…“ ®…Â)
x…‰j… EÚ… ¥™……∫… 2.5
|……‰l……O… ∫…‰ {…÷SUÙ {…h……«¶… x……‰S… i…EÚ 228
|……‰l……O… ∫…‰ {…ﬁπ`ˆ {…J… ®…⁄±… i…EÚ 100
|……‰l……O… ∫…‰ x…‰j… ®…v™… i…EÚ 39.4
|……‰l……O… ∫…‰ ¥……i…x…  UÙp˘ i…EÚ 41
|……‰l……O… ∫…‰ + Æ˙j… ®…⁄±… i…EÚ 62.5
|……‰l……O… ∫…‰ M…÷n˘ ®…v™… i…EÚ 162
®…UÙ±…“ EÚ“ E÷Ú±… ±…∆§……<« 382  ®… ®…“ l…“ +…ËÆ˙ ¶……Æ˙ 845 O…… l……*
<∫…E‰Ú =n˘Æ˙“™… EÚ…‰π`ˆ ®…Â {……™…‰ M…™…‰ 14.3  ®… ®…“ ]ı ⁄¨®…Æ˙ EÚ… ¶……Æ˙ 2.448
O…… l……* <∫…EÚ… Æ∆˙M… v…⁄∫…Æ˙ EÚ…±…… +…ËÆ˙ <∫…EÚ“ |…EﬁÚ i… S…Ã®…±…/®…ﬁn÷˘ l……*
∫…∆™……‰V…“ >i…EÚ ∫…‰ ™…Ω˛ ∂…Æ˙“Æ˙ ∫…‰ V…÷b˜… Ω÷˛+… l……* ™…Ω˛ +∫……®……x™… §…f¯i…“ E‰Ú
§……Æ‰˙ ®…Â V……ƒS… x…Ω˛”  EÚ™…… V…… ∫…EÚ…*
<∫…E‰Ú {…Ω˛±…‰ +…‰]ı…‰ ±…l…‰∫… E÷Ú ¥…Æ˙“ ®…Â §……¡ ]ı ⁄¨®…Æ˙ E‰Ú §……Æ‰˙ ∫…⁄S…x……
EÚ“ M…™…“ l…“ (B®… B°Ú +…< B∫… - 183)
b˜…Ï. ¥…“.b˜“. n‰˘∂…®…÷J… +…ËÆ˙ b˜…Ï.  ®… Æ˙™…®… {……Ï±… ∏…“Æ˙…®… E‰Ú  x…Æ∆˙i…Æ˙
|……‰i∫……Ω˛x… E‰Ú  ±…B Ω˛®… +…¶……Æ˙ ΩË˛*
§……Ω˛Æ˙“ ®……ÃV…x… {…Æ˙ + Æ˙j… EÚ“ ±…∆§……<« 36
+…∆i…Æ˙“ ®……ÃV…x… {…Æ˙ + Æ˙j… EÚ“ ±…∆§……<« 25
§……Ω˛Æ˙“ ®……ÃV…x… {…Æ˙ {…ﬁπ`ˆ {…J… EÚ“ ±…∆§……<« 41.5
+…∆i…Æ˙“ ®……ÃV…x… {…Æ˙ {…ﬁπ`ˆ {…J… EÚ“ ±…∆§……<« 12.3
{…ﬁπ`ˆ {…J… EÚ“ >ƒS……<« 18.7
M…÷n˘ E‰Ú I…‰j… ®…Â S……Ëb˜…<« 35.4
+ Æ˙j… ®…⁄±… {…Æ˙ M…Ω˛Æ˙…<« 42
{…ﬁπ`ˆ {…J… ®…⁄±… {…Æ˙ M…Ω˛Æ˙…<« 70
x…‰j… ®…⁄±… {…Æ˙ M…Ω˛Æ˙…<« 13.8
>{…Æ˙“ Ω˛x…÷ EÚ“ ±…∆§……<« 32
+v……‰ Ω˛x…÷ EÚ“ ±…∆§……<« 31
+O… ∫…‰ +O… i…EÚ °Ú…‰E«Ú ±…∆§……<« 54.9
<∫…EÚ… ∂……Æ˙“ Æ˙EÚ ®……{…x… ∫……Æ˙h…“ ®…Â  n˘™…… M…™…… ΩË˛* ∫l……x…“™… ®…U÷Ù+…Æ˙…Â
∫…‰ ™…Ω˛ ∫…⁄S…x……  ®…±…“  EÚ S……Ën˘Ω˛  n˘x……Â {…Ω˛±…‰ <∫…“ +…EÚ…Æ˙ +…ËÆ˙ V…… i… E‰Ú
BEÚ +…ËÆ˙ b˜…‰Œ±°Úx… EÚ… ¶…“ v…∆∫…x… ™…Ω˛…ƒ Ω÷˛+… l……*
®…÷∆§…<« ®…Â +¥…i…Æ˙h… EÚ“ M…™…“ ∫…®…÷p˘“ À∂…M…]ı“ +…‰Œ∫]ı™……‰V…‰ x…™……‰∫…∫…  ®… ±…]ı… Æ˙∫… ( ±…z…‰<∫… 1758) ®…Â
∫…∆{…⁄h…« Æ∆˙V…EÚΩ˛“x…i……
Æ∆˙V…EÚΩ˛“x…i…… ∫……v……Æ˙h… ¥…h…«EÚi…… EÚ…‰ |…¶…… ¥…i… EÚÆ˙x…‰ ¥……±…‰ EÚ<« V…“x…
{… Æ˙¥…i…«x……Â ®…Â ∫…‰ BEÚ ∫…‰ P… ]ıi… |… i…¶……∫… ΩË˛* Æ∆˙V…EÚΩ˛“x…i…… E‰Ú  ¥… ¶…z…
|…EÚ…Æ˙ Ω˛…‰i…‰ ΩÈ˛* BEÚ Æ∆˙V…EÚΩ˛“x… V…“¥… ™…… B‰®…‰±…… x…Œ∫]ıEÚ V…“¥… ®…Â ®…‰±…… x…x…
x…Ω˛” Ω˛…‰M…… +…ËÆ˙ ™…‰ ±……±…“ +…ƒJ……Â E‰Ú ∫……l… ∂¥…‰i…  n˘J……B {…b˜i…‰ ΩÈ˛*
§…“.§…“. S…¥……x…, ∫…÷V…“i… ∫…÷xn˘Æ˙®…, B.b˜“. ∫……¥…∆i… +…ËÆ˙ `ˆ…E÷ÚÆ˙ n˘…∫…
EÂÚp˘“™… ∫…®…÷p˘“ ®……Œi∫™…EÚ“ +x…÷∫…∆v……x… ∫…∆∫l……x… EÚ… ®…÷∆§…<« +x…÷∫…∆v……x… EÂÚp˘, ®…÷∆§…<«
"B‰±… §… x…∫…®…' ∂…§n˘ EÚ… |…™……‰M… ∫……®……x™…i…: ¥…h…«EÚi…… E‰Ú +¶……¥…
EÚ…‰ ∫…∆E‰Úi… EÚÆ˙x…‰ E‰Ú  ±…B  EÚ™…… V……i…… ΩË˛ V……‰ ¥…∆∂……M…i… x…Ω˛” Ω˛…‰EÚÆ˙
E‰Ú¥…±… |……EﬁÚ i…EÚ Ω˛…‰i…… ΩË˛* (®……Ã]ıx…, 1963 +…ËÆ˙ V……‰x∫… +…ËÆ˙ {…x]ı…±…÷
(1952)*
B {…x…‰°‰Ú±…∫… b˜™……EÚ…xl…∫… ®…Â ®……∆∫……§…÷«n˘
16 ∫…®…÷p˘“ ®……Œi∫™…EÚ“ ∫…⁄S…x…… ∫…‰¥……, i… ¥…  ¥… +∆EÚ ∫…∆. 197, 2008
∫……Æ˙h…“ 1. ¶……Æ˙i…“™… ∫…®…÷p˘…Â ∫…‰ |……{i… À∂…M… ]ı™……Â ®…Â ∫…∆{…⁄h…« Æ∆˙V…EÚΩ˛“x…i…… {…Æ˙ |……{i…  Æ˙{……‰]«ı
O…∆l…EÚi……« ¥…π…« V…… i… |…EÚ…∂…x…
M…÷{i…… +…ËÆ˙ ¶……Ë ®…EÚ 1958 B Æ˙™…∫… V…‰±±…… b‰˜™… Sci & Cul. 24(6): 283
Æ˙…V…{……Œxb˜™…x… +…ËÆ˙ ∫…÷xn˘Æ˙®… 1968 ]ı… S…∫™…⁄Æ˙∫… b˜∫…÷ ®…Æ˙“ (E÷Ú ¥…Æ˙ +…ËÆ˙ ¥……±…‰x… ∫…™…‰z…∫…) V…‰ B®… §…“ B 9(1): 194-195.
V…‰®∫… +… n˘ 1975 ]ı… S…∫™…⁄Æ˙∫… ]‰ı x…Œ∫{… x…∫… (b‰˜™…) ®…i∫™……., 2:82.
 {…±±…Ë +…ËÆ˙ ∫……‰®…¥……∆∂…“ 1981 B Æ˙™…∫… ∫…“±…‰]ı∫… (¥……±…‰x… ∫…™…‰z…∫…) +…<.V…‰.B°Ú., 26:240-241.
`ˆ…E÷ÚÆ˙ n˘…∫… +… n˘ 2006 B Æ˙™…∫… ∫…“±…‰]ı∫… (¥……±…‰x… ∫…™…‰z…∫…) B®….B°Ú.+…<.B∫…., 188:21-22
∫……Æ˙h…“ 2. Æ∆˙V…EÚΩ˛“x… +…ËÆ˙ ∫……®……x™… À∂…M…]ı“ +…ÏŒ∫]ı™……‰V…‰ x…™……‰ ∫…∫…  ®… ±…]ı… Æ˙∫… EÚ…
i…÷±…x……i®…EÚ ∂……Æ˙“ Æ˙EÚ ®……{…x…
∂……Æ˙“ Æ˙EÚ ®……{…x… Æ∆˙V…EÚΩ˛“x… ∫……®……x™…
( ®… ®…“) À∂…M…]ı“ À∂…M…]ı“
E÷Ú±… ±…∆§……<« 294 289
|……‰l… ∫…‰ {…÷SUÙ¥…ﬁ∆i… i…EÚ EÚ“ ±…∆§……<« 234 231
∫{…∂…«¥…v…« EÚ“ ±…∆§……<« 72 70
|……‰l… ∫…‰ {…ﬁπ`ˆ {…J… i…EÚ EÚ“ n⁄˘Æ˙“ 89 88
|……‰l… ∫…‰ +∆∫… {…J… i…EÚ EÚ“ n⁄˘Æ˙“ 62 59
|……‰l… ∫…‰ ∏……‰ h… {…J… i…EÚ EÚ“ n⁄˘Æ˙“ 121 114
|……‰l… ∫…‰ M…÷n˘ {…J… i…EÚ EÚ“ n⁄˘Æ˙“ 168 163
{…ﬁπ`ˆ {…J… EÚ… §……Ω˛Æ˙“ ®……ÃV…x… 54 51
{…ﬁπ`ˆ {…J… EÚ… +…∆i…Æ˙“ ®……ÃV…x… 23 19
|……‰l… ∫…‰ ¥…∫……®…™… {…J… i…EÚ EÚ“ n⁄˘Æ˙“ 181 176
¥…∫……®…™… {…J… EÚ… §……Ω˛Æ˙“ ®……ÃV…x… 28 27
¥…∫……®…™… {…J… EÚ… +…∆i…Æ˙“ ®……ÃV…x… 18 16
®…÷ƒΩ˛ EÚ“ ±…∆§……<« 61 60
+∆∫… {…J… EÚ… §……Ω˛Æ˙“ ®……ÃV…x… 43 40
+∆∫… {…J… EÚ… +…∆i…Æ˙“ ®……ÃV…x… 14 11
¥……i……∂…™… EÚ“ ±…∆§……<« 35 34
∏……‰ h… EÚ“ ±…∆§……<« 0.77 0.67
∏……‰ h… EÚ… ¶……Æ˙ 7.16 0.95
{±…‰]ı - 2 +…‰Œ∫]ı™……‰V…‰ x…™……‰ ∫…∫…  ®… ±…]ı… Æ˙∫… E‰Ú Æ∆˙V…EÚΩ˛“x… +…ËÆ˙ ∫……®……x™… x…®…⁄x……
{±…‰]ı - 1 À∂…M…]ı“ +…‰Œ∫]ı™……‰V…‰ x…™……‰∫…∫…  ®… ±…]ı… Æ˙∫… EÚ… Æ∆˙V…EÚΩ˛“x… x…®…⁄x……
( ±…z…‰™…∫… 1758)
¥…‰Æ˙∫……‰¥…… ®…Â 6-9-07 EÚ…‰ BEÚ +…x……™…EÚ ®…Â {…EÚb˜“ M…™…“ BEÚ
∫…®…÷p˘“ À∂…M…]ı“ ®…Â <∫… |…EÚ…Æ˙ EÚ“ Æ∆˙V…EÚΩ˛“x…i……  n˘J……™…“ {…b˜“* |…™……‰M…∂……±……
®…Â V……ƒS… EÚÆ˙x…‰ {…Æ˙ <∫…EÚ…‰ BEÚ |……Ëf¯ ®……n˘… +…‰Œ∫]ı™……‰V…‰ x…™……‰ ∫…∫…  ®… ±…]ı… Æ˙∫…
{…Ω˛S……x…“ M…™…“* "∫……‰±… V…™…Æ˙ EËÚ]ı °Ú∂…' x……®… ∫…‰ V……x…x…‰¥……±…… <∫…EÚ… ∫l……x…“™…
x……®… {…‰j…… À∫…M……b˜… ΩË˛* 294  ®… ®…“ ±…∆§……<« E‰Ú <∫… x…®…⁄x…‰ EÚ… ¶……Æ˙ 220
O…… l……* <∫…E‰Ú =n˘Æ˙ ®…Â 17 +∆b‰˜ l…‰ +…ËÆ˙ +∆b˜…Â EÚ… ¥™……∫… 6.38 ∫…‰ 8.62
 ®… ®…“ E‰Ú ÆÈ˙S… ®…Â l……* +…Ω˛…Æ˙ x…±…“ J……±…“ l…“*
{…∆J… ∫… Ω˛i… <∫…EÚ… {…⁄Æ˙… ∂…Æ˙“Æ˙ Æ∆˙M…Ω˛“x… l…… ({±…‰]ı 1)* ∫……v……Æ˙h…i…™……
+…‰.  ®… ±…]ı… Æ˙∫… E‰Ú  ∫…Æ˙ E‰Ú >{…Æ˙“ +…ËÆ˙ x…“S…‰ EÚ… Æ∆˙M… EÚ…±…… Ω˛…‰i…… ΩË˛
+…ËÆ˙ =n˘Æ˙ Ω˛±EÚ… v…⁄∫…Æ˙ ∫…‰ ∂¥…‰i… Ω˛…‰i…… ΩË˛* |…l…®… {…ﬁπ`ˆ…O… +…ËÆ˙ ¥…∫…… {…J…
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